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. I ‘HE purpose of this paper is to call 
attention to the fact that scleroderma 


may produce changes in the gastrointes- 
tinal tract, and to describe the roentgeno- 
logic appearance of such changes as we 
have observed them at the Massachusetts 
General Hospital. 

Progressive dysphagia and esophageal 
disturbances in scleroderma were first re- 
ported by Ehrmann’ in 1903. In 1937, Weis- 
senbach and his re- 
viewed the literature and collected 14 cases 
of scleroderma in which the patients experi- 
enced difficulty in swallowing and roent- 
genologically showed delayed emptying of 
the esophagus. They also described the 
roentgenologic appearance of the esophagus 
and the pathologic changes in 4 cases of 
their own. More recently Weiss, et a/.,' 
Jackman,’ and Ochsner and DeBakey® 
have reported esophageal obstruction in 
patients with scleroderma.t 

While changes in the esophagus associ- 
ated with scleroderma have attracted the 
attention of various authors, we have been 
able to find only one case report as evidence 
that scleroderma may change the appear- 
ance of the small and large intestine. This 
case was published by Rake’ of the Johns 

Tt Published since paper was completed: Lindsay, J. R., Tem- 


pleton, F. E., and Rothman, S. Lesions of esophagus i in general- 
ized progressive scleroderma. J. Am. M. Ass., 1943, 123, 745-750. 


Hopkins Department of Pathology in 1931. 
The roentgenologic examination showed dil- 
atation of the small and large intestines 
and what was thought to be an almost com- 


plete obstruction of the descending colon. 


Dilatation of the colon was confirmed at 
autopsy but there was no evidence of ob- 
struction. The dilatation was explained on 
the basis of spasm occurring in the pelvi- 
rectal sphincter, although no hypertrophy 
of the muscles could be demonstrated. 

From our own observations it would ap- 
pear that roentgenologic changes in the 
intestines, as well as in the esophagus, are 
not rare, and that they are of clinical im- 
portance (Table 1). 


AUTHORS’ MATERIAL 


Study of the Esophagus. During the past 
five years at the Massachusetts General 
Hospital we have examined the upper gas- 
trointestinal tract of 22 patients (15 fe- 
males and 7 males) who were known to 
have scleroderma, varying in duration from 
five months to twenty-two years. In 7 of 
the group, examination of the esophagus 
was made because of dysphagia. The re- 
maining 15 had no definite symptoms refer- 
able to the esophagus; they were examined 
routinely for the purpose of this study. In 
6 of the symptomless group, however, care- 
ful questioning disclosed that a sensation 


* From the Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts. Read before the New England 


Roentgen Ray Society, February 19, 1943. 
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of material remaining in the mid chest, and 
occasionally localized burning or pain fol- 
lowing the hurried ingestion of food, or 
after eating a large meal, had been noticed. 
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the skin had no correlation with the extent 
of the changes in the esophagus. 

The roentgenologic abnormalities in the 
positive cases were not absolutely identical 


I 


ANALYSIS OF AUTHORS’ MATERIAL 


On Admission Esophagus Intestines 
| E | Diag- Roentgen 
Case | Sex | Dura- | =*teM€ | nosis Clinical Roentgen | Clinical | examination 
| | Age tion of of skin | by | symp- " examina- | symp- | - ——— 
| disease | toms tion toms | Small Large 
| intestine _ intestine 
1 |M/20| 2yr. | +++ | Clin. No | Positive Yes Positive Negative 
Biop. 
u | F | 28 | 2yr. | ++ Biop.* Yes | Positive Yes Positive | Not 
| | examined 
ut | M | 61 lyr, | + Clin. No | Negative Yes Positive | Not 
| examined 
IV F | 42| 2 yr. ++ | Clin. | No Positive Yes | Positive | Positive 
v |F | 22] gyr. | ++ | Biop. | Yes | Positive | Yes § Negative | Positive 
vi | F | 23| 2yr. | +++ | Biop. | No | Positive | Yes | Negative | Negative 
vu | F | 63) 6yr. | +++ | Autopsy Yes | Positive | Yes | Negative | Negative 
vir | F | 35 | tyr. | ++ | Biop. | No Negative | No_ | Not _ Not 
_ Autopsy | examined | examined 
x | F |} ig] tyr. | ++ | Clin. Positive No | Negative | Negative 
x |F | 4yr. | ++ | Cline | No Positive | No | Not Not 
| | _ examined | examined 
x1 | F | 64| 5 mo. | ++ | Clin. No | Negative | No | Not Not 
| | examined examined 
xu | M| 39| 22 yr. | +++ | Clin. No | Positive | No Negative | Negative 
xur | yr. | ++ Biop. No | Positive | No Negative | Negative 
xiv | F | 56! yr. + Biop. Yes Negative No Negative Not 
| examined 
xv | F | 46| 12 yr. | ++ | Biop. Yes Positive | No | Not | Negative 
examined 
xvi | M| 58 | 12 yr. | ++ Biop. No Positive No Negative | Negative 
xvu | F | 36] yr. | +++ | Clin. No Positive No Negative | Not 
| | | | examined 
xvur | F | ar | 3 yr. Clin. No Negative No Negative | Negative 
xix | F | 54 | 2mo. | + Clin, | Yes Negative. Yes Negative | Negative 
Biop. | 
xx | F |} 17] §mo. | ++ Clin. No Negative Yes | Negative | Negative 
xx1 |M | 37] 2yr. | ++ Clin. No Negative | Negative | Negative 
xx | M/ 3] tyr | + Biop. No Negative No | Negative | Negative 


* Also dermatomyositis. 


Of the 7 patients who complained of 
dysphagia, 5 showed an esophagus which 
appeared abnormal roentgenologically; 2 
showed no abnormality. Eight patients, 
who were without subjective symptoms, 
showed roentgenologic abnormalities. The 
extent of the sclerodermal involvement of 


but they followed a certain pattern. The 
time of transit of the barium from the 
pharynx to the stomach was prolonged; in 
some cases complete emptying of the 
esophagus was delayed for as much as half 
an hour. As a rule, the barium passed into 
the region of the lower esophagus with only 
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slight delay; when it had reached the lower 
end of the esophagus it passed into the 
stomach as a slow but fairly constant trick- 
le. None of the patients showed any dif- 
ficulty in initiating the act of deglutition, 
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area, the esophagus was somewhat dilated. 
No gross dilatation, however, such as is 
common in cardiospasm was seen in any 
of the patients. In 1 case, the esophagus ap- 
peared narrower than normal throughout 


Fic. 1. 4. Case tv. The upper half of the esophagus is slightly widened. The lower half is somewhat narrow 
and is still filled with barium at the end of five minutes in the upright position. There is a localized point 
of constriction 1 cm. above the diaphragm. B. Case 1x. Roentgenogram taken fifteen minutes after the 
barium swallow shows the esophagus nearly full of barium. Little if any peristaltic activity was seen. 


the barium being thrown into the pharynx 
and upper esophagus in the normal manner. 
In several patients the lower 2 or 3 centi- 
meters of the esophagus appeared slightly 
narrower than usual and gave the impres- 
sion of resisting dilatation beyond a defi- 
nitely fixed diameter, although the wall 
itself did not seem to be rigid. Above this 


its entire course. In general, there was a 
tendency for the esophagus to stay open 
after the main bolus of barium had passed 
through it, to contain a large amount of 
air, and for the barium to adhere to the wall 
longer than would be expected in patients 
of this age group. The motion of the 
esophagus appeared to be diminished. In 
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no patient was there residual fluid or food 
in the esophagus at the time of the exami- 
nation. 

All the abnormalities noted were more 
marked in the horizontal position, giving 
the impression that the esophagus had lost 
its normal peristaltic force and was relying 
more or less on gravity for its emptying. In 
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soon as it reached the cardia. Also in sclero- 
derma, the dilatation of the esophagus was 
much less marked than that seen in cardio- 
spasm, and no spilling of the barium into 
the trachea was ever observed. The main 
difference, however, lies in the fact that 
the changes in the esophagus do not, as a 
rule, appear roentgenologically to involve 


Fic. 2. 4. Case 11. Barium retained in the esophagus after a period of ten minutes in the horizontal position. 
The upper half of the esophagus is filled with air and the barium clings to the walls. (This was a finding 
frequently noted in the positive esophageal cases.) B. Case x11. Roentgenogram taken five minutes after 
barium swallow in the upright position shows moderate dilatation of the lower third of the esophagus. 


There was little peristaltic activity. 


other words, the esophagus had some simi- 
larity to the esophagus of an elderly person. 

There is a superficial resemblance be- 
tween the appearance of the lower end of 
the esophagus in a patient with scleroderma 
and that of one with cardiospasm, but dif- 
ferentiation is usually possible. In sclero- 
derma we have never seen complete ob- 
struction as in cardiospasm, the barium 
usually starting to run into the stomach as 


the cardiac end alone, but they involve the 
entire lower third or half, so far as activity 
and elasticity of its wall are concerned. 

Study of the Stomach. The stomach was 
examined in 22. patients. In some cases 
there was considerable delay in emptying; . 
in some there was spasm of the antrum. 
The significance of these changes, however, 
is doubtful. 

Study of the Small Intestine. Four of the 
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18 patients in whom the small intestine was 
studied showed remarkable changes roent- 
genologically. In 1 of the 4 cases the intes- 
tinal symptoms and the appearance of the 
intestine stood in the foreground, and the 
presence of scleroderma was discovered 
later more or less accidentally, whereas in 
the 3 other cases scleroderma had been 
present for many years. Recognition of 
these changes in the small intestine appears 
to be of particular clinical importance, and 
therefore the 4 cases are described in detail. 


Case 1. C. K., a white male, aged twenty, was 
first seen in August, 1941, with a history of 
gradually developing pigmentation of the skin 
over chest, hands and fingers, of two years’ 
duration. For three months, there had been oc- 
casional swelling of the fingers and ankles. 
Physical examination revealed dark pigmenta- 
tion of the skin covering the entire body, and 
brawny edema of the face, ankles and several 
fingers. There was limitation of motions of the 
hands, fingers and ankles. 

This patient’s first complaint referable to the 
gastrointestinal tract, noted at the same time as 
the beginning of the skin pigmentation, was a 
so-called sour stomach, characterized by heart- 
burn, gaseous eructations and a sensation of 
swelling and fullness in the left upper abdomen. 
Two months before admission he began to have 
mild, but sharp, cramp-like pains in the epi- 
gastrium radiating to the left and downward. 
The pain frequently occurred at night, espe- 
cially if he were tired, lasted about thirty 
minutes, and was at times accompanied by 
nausea and vomiting. His distress was relieved 
by applying pressure over the left side of his 
abdomen, when in the sitting position; it was 
not relieved by food or alkali. During the two 
or three weeks just prior to entry the vomiting 
became more frequent. For several months, the 
patient had noted that his stools were more 
fluid than usual; he had three or four partly 
formed movements a day. There had never been 
any dysphagia. 

Roentgenologic gastrointestinal studies showed 
slight widening of the lower two-thirds of the 
esophagus, which remained full of air for a con- 
siderable time. There was no definite narrowing 
at any level. The immediate passage of barium 
into the stomach was normal but the rate of 
passage was only a trickle in the horizontal 
position; the lower third of the esophagus re- 
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Fic. 3. Case 1. Roentgenogram taken one hour after 
barium meal shows the dilatation of the duodenum 
and upper loops of jejunum. 


mained filled with barium fifteen minutes after 
it had been swallowed. In the upright position 
the emptying was slightly faster, but the bari- 
um clung to the esophageal wall for an indefinite 
period of time. 

The stomach was not abnormal. The second 
and third portions of the duodenum were 
markedly dilated, measuring 2 inches in width. 
The barium -passed very slowly towards the 
ligament of Treitz, eventually filling two mark- 
edly dilated loops of upper jejunum (Fig. 3). 
The passage of barium through the small in- 
testine was prolonged, none having reached the 
ileocecal valve at the end of seven hours. No 
demonstrable change in the mucosal pattern of 
the small intestine was noted. 

After this examination the question was 
raised as to whether the atonicity of the upper 
small intestine could not be explained on the 
same basis as that seen in the esophagus, 
namely, as being connected with the patient’s 
scleroderma. 

A barium enema showed an essentially nor- 
mal rectum and colon. Reflux barium from the 
cecum filled what appeared to be a dilated 
terminal ileum. Several days later the patient 
was re-examined following therapeutic doses of 
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mecholy! but the findings were essentially un- 
changed. He was discharged with only slight 
improvement in his epigastric symptoms and 
no change in the appearance of his stools. He 
was followed in the Out-Patient Department 
for the next year, during which time attempts 
were made to alleviate his gastrointestinal com- 
plaints by different dietary regimens, as well as 
therapeutic doses of nicotinic acid and vitamin 
B complex in the hope that his diarrhea might 
be due to vitamin deficiency. At the time he was 
last seen, November, 1942, his condition was 
unchanged. 


Summary of Case I. A patient with ex- 
tensive scleroderma and_ characteristic 
esophageal changes showed dilatation of 
the duodenum and upper loops of jejunum 
and marked delay in transit of barium 
through the small intestine. 


Case 1. L. T., a white female, aged twenty- 
eight, was admitted in August, 1941. She gave 
a history of having had considerable epigastric 
distress and gaseous eructations, without rela- 
tion to meals, for the preceding two years. She 
often experienced a sensation as of regurgitated 
stomach contents remaining in the lower esoph- 
agus. The symptoms were attributed to aero- 
phagia; antacid treatment gave her almost 
complete relief. 

One year later she noticed for the first time 
tanning of both sides of her forehead, out of 
proportion to the amount of sun exposure she 
had had. Other exposed parts of her body 
showed similar but less marked pigmentation. 
Shortly after the appearance of the skin changes, 
weakness of the shoulder and hip girdles, fol- 
lowed by numbness of the hands and feet, de- 
veloped. The diagnosis of Raynaud’s disease 
and scleroderma was made, and bilateral sym- 
pathectomy was done. Biopsy showed sclero- 
derma and dermatomyositis. 

Roentgenologic examination showed that the 
esophagus did not distend to the size seen in the 
average patient. There was no obstruction or 
localized area of narrowing at any point, but 
the emptying time was prolonged. There was 
slight fixation of the esophagus as it crossed 
the left main bronchus and only feeble peri- 
staltic activity was seen throughout. The upper 
half remained filled with air through which 
barium could be seen clinging to the mucosa 
(Fig. 2, 4). 

The stomach and duodenum were normal. 
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The jejunal loops were definitely dilated. Ob- 
servation was carried out over a period of eight 
hours, at the end of which time the greater 
portion of the barium was distributed through- 
out the jejunum and ileum. There was some 
gastric residue, and the jejunal loops still 
showed some dilatation. The mucosal pattern 
of the visualized small intestine appeared nor- 
mal. 

Two months later the patient was re-exam- 
ined following therapeutic doses of prostigmine. 
The appearance of the esophagus, stomach and 
small bowel, however, was essentially the same 
as on the first examination. The colon was not 
examined. The patient was discharged unim- 
proved December, 1941, and has not been seen 
since. 


Summary of Case IT. A patient with mod- 
erate scleroderma showed prolonged emp- 
tying time of the esophagus. The esophagus 
was slightly narrower than normal and had 
feeble peristaltic activity. Filling of the 
dilated loops of jejunum persisted over an 
observation period of eight hours. 


Case 111. A. B., a white male, aged sixty-one, 
entered the hospital in January, 1942, because 
of nausea and occasional vomiting, slowly in- 
creasing in severity, of two months’ duration. 
For two weeks before admission he had vom- 
ited at least once each day. He complained of 
dull, ocasionally cramp-like, fairly constant epi- 
gastric pain, starting in the epigastrium and 
radiating a few inches to the left and down- 
wards. Vomiting gave temporary relief. A more 
careful search into the history revealed that 
the patient had felt slightly below par for a 
year, that his appetite had been poorer than 
usual, and that his weight had dropped 40 
pounds in the year. There had never been any 
difficulty in swallowing. Thickening and in- 
creased pigmentation of the skin over the 
dorsum of his hands and fingers, which caused 
moderate limitation of motion, had been pres- 
ent for one year. 

Physical examination showed a well devel- 
oped man in whom signs of weight loss were 
obvious, although he was not emaciated. Slight 
epigastric tenderness, but no muscle spasm, was 
present. He did not appear to be in pain. The 
hands showed typical scleroderma. 

Roentgenologic examination of the esophagus 
(January 5, 1942) showed no abnormalities. The 
stomach, which did not appear definitely en- 
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larged, contained an unusual amount of food 
and fluid. Barium passed without difficulty into 
the first and second portions of the duodenum. 
The third portion was dilated. No barium could 
be forced into the jejunum during a twenty 
minute period of roentgenoscopic observation. 
Later the upper two loops of jejunum were 
demonstrated. They were dilated, and at the 
end of four hours no barium was seen to have 
passed beyond the dilated loops. These findings 
were interpreted as obstruction of the upper 
jejunum. No definite point of obstruction could 
be demonstrated (Fig. 4). 

Supportive treatment and Wangensteen 
drainage failed to alleviate the symptoms, and 
laparotomy was performed. At operation the 
proximal 65 cm. of jejunum was found to be of 
a peculiar grayish color and markedly dilated 
with individual saccular areas of still greater 
dilatation, 5 to 7 cm. in diameter, located along 
the mesenteric side of the jejunum. The wall of 
the gut was not actually thickened but felt 
firmer than usual. The peculiar dilated state 
of the jejunum diminished gradually, becoming 
normal in size, color and contour approximately 
75 cm. from the ligament of Treitz (Fig. 5, 4). 
Ten cubic centimeters of I per cent novocain 
was injected into the celiac axis, and immedi- 
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Fic. 4. Case 11. Roentgenogram taken four hours 
p.c. shows dilatation of the upper two or three 
jejunal loops with no evidence of barium having 
passed beyond them. 


Fic. 5. Case 11. 4, photograph taken during laparotomy showing dilated loop of jejunum. Sacculations sim- 
ilar to those shown here are well demonstrated roentgenologically in Figure 7.4. B, roentgenogram taken 
sixteen days following operation shows an essentially normal appearing gastrointestinal tract. At this 
time there had been a recurrence of the clinical symptoms. 
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ately peristaltic and tonic contractions were 
evident in the dilated loop. Its normal diameter 
was not restored, however, and the response 
was transient, disappearing entirely within a 
few minutes. After some hesitation, the surgeon 
decided to resect the pathologic appearing area, 
removing the most proximal 80 cm. of jejunum. 
Histopathologic report of resected jejunum: Ede- 
ma and hypertrophy of submucosa and inter- 
stitial tissue of mesentery, cause undetermined. 
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within normal limits, the patient was vomiting 
several hundred cubic centimeters of fluid each 
day. He was on constant Wangensteen suction 
and his entire food intake was parenteral. 

On the twenty-fifth postoperative day a 
fourth roentgenologic examination showed no 
passage of barium from the stomach to the 
duodenum throughout thirty minutes of ob- 
servation. At the end of ninety minutes some 
barium was scattered throughout the duo- 


Fic. 6. Case 111. 4, roentgenogram taken on the twenty-fifth postoperative day shows filling of three or four 
loops of dilated upper jejunum at the end of ninety minutes. B, roentgenogram taken after spinal anes- 
thesia shows very little if any change. (The barium seen in the colon was residual from examination made 


five days before.) 


The patient’s postoperative course was un- 
eventful for two weeks. On the fifteenth post- 
operative day, however, he experienced a sensa- 
tion of fullness in the epigastrium, nausea and 
heartburn, which he stated were identical with 
the symptoms he had before operation. The 
stomach was aspirated, and 650 cc. of black 
fluid, guaiac positive, were obtained. 

Roentgenologic examination of the upper 
gastrointestinal tract on the following day 
showed no definite abnormality except slight 
narrowing at the point of anastomosis (Fig. 5, 
B). 

Clinical signs of small bowel obstruction 
gradually progressed, and five days later, on 
the twentieth postoperative day, although an- 
other roentgenologic examination was still 


denum and upper jejunum. The descending por- 
tion of the duodenum was markedly dilated and 
again definite dilatation of the uppermost loops 
of jejunum was visible (Fig. 6, 7). Observations 
made ten and twenty minutes after spinal anes- 
thesia, which reached the fifth dorsal vertebra, 
failed to show any appreciable change in the 
size of the dilated loops, which in the jejunum 
were 2 inches in diameter. 

For the next nine days the patient’s course 
was unchanged. He then developed rather sud- 
den cardiac and respiratory embarrassment, 
and died within a few hours. A portable roent- 
genogram of the chest, taken shortly before he 
died, showed diffuse pulmonary edema. 

Autopsy revealed several dilated loops of up- 
per jejunum, which was moderately hyper- 


Fic. 7. Case 1v. 4, roentgenogram taken one hour after injection of barium through the Rehfuss tube shows 
widened loops of jejunum with saccular dilatation. Appearance suggests the sacculation found at operation 
in Case 11, Figure 54. B, roentgenogram taken at the end of four hours shows the greater portion of the 


barium still in the dilated loops of upper jejunum. 


trophied. No mechanical cause for the dilata- 
tion was seen. The esophagus and colon were 
not abnormal. The mesenteric lymph nodes 
were slightly hyperplastic. The serosa and 
mucosa of the jejunum were not remarkable. 
The lungs showed extensive pulmonary edema, 
and in the right lower lobe there was a small, 
primary oat-cell type of carcinoma, which had 
been asymptomatic. 


Summary of Case III, A patient with 
minimal scleroderma showed markedly di- 
lated loops of the upper jejunum. At op- 
eration this dilatation was confirmed. Re- 
section of the dilated part of the bowel did 
not prevent recurrent dilatation of the 
jejunum beyond the area of the original 
dilatation, and the patient died. Autopsy 
failed to show any cause for the dilatation 
of the jejunum. 


Case iv. M.S., a female, aged forty, was first 
seen in December, 1939, complaining of numb- 
ness of the hands and feet after exposure to 
cold. This had been progressing over a period 
of two years. She was found to have Raynaud’s 
disease, and bilateral dorsal sympathectomy 
was done. Early in January, 1940, while con- 
valescing from this operation, she developed 


right upper quadrant pain and tenderness, with 
nausea and vomiting. Barium examination of 
the colon was negative; Graham test was posi- 
tive, and an acute gallbladder, containing sev- 
eral non-opaque stones, was removed. Post- 
operative course was uneventful. Considerable 
temporary improvement in the vasomotor 
changes of hands and arms followed the sym- 
pathectomy. 

In June, 1942, she was readmitted because of 
epigastric discomfort. She had had gaseous 
eructations and nausea for three months, and 
diarrhea for two months. Scleroderma had de- 
veloped in the skin of her hands and arms in 
the interim. 

Roentgen examination of the esophagus 
showed slight widening of the upper half and 
absence of peristaltic waves. The lower half 
appeared slightly narrower than usual with a 
localized point of more marked constriction 
about 1 cm. above the diaphragm. A large por- 
tion of barium was still in the esophagus after 
five minutes in the upright position. A roent- 
genogram taken ten minutes later showed the 
lower third of the esophagus to be still filled 
with barium. The upper two-thirds remained 
open though containing air only. (This patient 
had not complained of difficulty in swallowing, 
although she had realized that she could not 
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Fic. 8. Case 1v. Examination eight months after 
Figure 7 shows dilatation of the duodenum and 
upper jejunum and delayed transit of barium. 
(Roentgenogram taken three hours p.c.) (Barium 
in the colon, residual from enema examination 
done the same day.) 


swallow as rapidly or as well as other members 
of her family.) 

The stomach appeared normal. There was 
marked delay in the passage of barium through 
the small bowel, which showed several widened 
loops. A few days later a small intestinal enema 
was done through a Rehfuss tube in the duo- 
denum. The duodenum and jejunum filled 
slowly, were markedly distended, and showed 
deep, slow peristalsis. At the end of five min- 
utes only two or three loops of jejunum were 
filled. After 500 cc. of barium had run into the 
upper three or four loops of jejunum, over a pe- 
riod of twenty minutes, the Rehfuss tube was 
removed, and roentgenograms were taken at 
frequent intervals (Fig. 7, 4). (For most nor- 
mal cases, the small intestinal enema leads to 
filling of the cecum in twenty minutes.") At the 
end of four hours, the greater portion of the 
barium was still in the jejunum, whereas parts 
of the barium were scattered throughout the 
lower ileum which was also dilated (Fig. 7, B). 
At the end of eighteen hours, about 25 per cent 
of the barium remained in the distal ileum 
which was dilated and segmented. 

The colon, examined several days later with 
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a barium enema, showed no evidence of ob- 
struction. It did show, however, a peculiar sac- 
culation of the transverse, descending and sig- 
moid portions, best seen after evacuation (Fig. 
10, B). The sacculation consisted of localized 
filling of the haustra, quite common for the ap- 
pearance of the colon following oral administra- 
tion of barium but unusual to such a degree fol- 
lowing a barium enema. Review of the roent- 
genograms of the colon taken eighteen months 
before, just prior to the cholecystectomy, failed 
to reveal the presence of this saccular appear- 
ance. 

Proctoscopy disclosed no abnormalities of the 
rectum or sigmoid. 

Re-examination of the upper gastrointestinal 
tract six weeks later showed no change in the 
appearance of the esophagus. During the first 
few minutes only the fundus and uppermost 
part of the body of the stomach filled; later, the 
antrum filled but remained spastically narrowed 
throughout a twenty minute period of roent- 
genoscopic observation. Barium passed into the 
duodenum after a delay of about ten minutes, 
and again the duodenum and upper jejunum 
appeared definitely dilated. At the end of two 
hours only the upper two or three loops of 
jejunum were filled. A roentgenogram taken at 
six hours showed all the barium still in the 
jejunum or upper ileum, both of which ap- 
peared dilated. 

Intensive vitamin treatment was substituted 
for endocrine therapy, and the patient’s diar- 
rhea was relieved for two weeks. At the end of 
that time, however, the previous bowel habits 
(five to ten loose, watery movements a day) 
recurred. Deodorized tincture of opium, the 
only medication which controlled the diarrhea, 
kept the patient to three or four partly formed 
stools daily. 

In March, 1943, eight months later, the pa- 
tient appeared clinically to be in somewhat bet- 
ter condition than she had been when she left 
the hospital; she was having three to four partly 
formed stools daily. 

Roentgenologic examination at this time 
showed a normal stomach. The duodenum and 
upper loops of jejunum were definitely wider 
than normal and the transit of barium was 
markedly delayed as before (Fig. 8). Barium 
enema again showed saccular dilatation in the 
upper sigmoid, descending and transverse colon 
similar to that seen in the previous examina- 
tion. No other abnormality of the colon was 
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seen; there was a reflux of barium from the 
cecum into the terminal ileum which appeared 
slightly dilated. 

Summary of Case IV. A patient with 
moderate scleroderma and definite roent- 
genologic changes in the esophagus showed 
marked delay in transit of barium to the 
cecum, 25 per cent of the meal being still 
present in the ileum at the end of eighteen 
hours. Throughout the period of observa- 
tion dilated loops of small bowel, pre- 
dominantly in the upper jejunum, were 
seen. Repeated examinations showed un- 
usual saccular areas of dilatation in the 
colon. 

Discussion. Four of 18 patients with 
scleroderma examined roentgenologically 
showed changes in the small intestine. The 
changes which were noted were quite strik- 
ing and appeared to be of considerable 
clinical interest and importance. All 4 pa- 
tients had clinical symptoms referable 
to the gastrointestinal tract which in- 
dicated partial obstruction. Two other pa- 
tients had symptoms of gastrointestinal 
disturbance, but failed to show any roent- 
gen evidence of a pathologic condition. 

In the 4 positive cases the roentgenologic 
appearance was characterized by unusual 
widening of the part of the small intestine 
involved, with marked delay in the empty- 
ing time of these loops. The dilatation in- 
volved the upper small intestine including 
the duodenum in all 4 patients, and ex- 
tended downward into the ileum in one. In 
this particular one the colon also appeared 
to be abnormal. These roentgen changes 
must be differentiated from those seen in 
ileus and in the so-called deficiency dis- 
eases. They differed from those of paralytic 
ileus inasmuch as the pathologic changes 
usually involved only a certain part of the 
intestine, and the condition of the patient 
clinically was never as acute as that found 
in paralytic ileus. In 1 case, a rather sudden 
transition from dilated to normal intestine 
simulated mechanical ileus, but a definite 
point of obstruction was not found in this 
or in any of the other 3 cases. 

The similarity to severe cases of defi- 
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ciency disease was striking in some in- 
stances. Again, however, the abnormalities 
seemed to be more localized than is usually 
seen in that disease. Clinically, the sclero- 
derma patients showed no definite evidence 
of avitaminosis, and those who were treated 
extensively with vitamins showed no im- 
provement. Although it is impossible to 
prove that the changes were not produced 
by some deficiency, we do not believe that 
this is the case, and our belief is strength- 
ened by the fact that the changes in the 
small intestine have some similarity to 
those of the esophagus seen in the same pa- 
tients and in other patients with sclero- 
derma. 

It is beyond the realm of this paper to 
discuss the origin of the changes observed 
in the gastrointestinal tract, but they could 
be explained on the basis of local changes in 
the intestines or in the governing nervous 
mechanism. The negative anatomical ex- 
aminations in 2 of the patients do not in 
our opinion definitely exclude the presence 
of local pathologic changes. On the other 
hand, the rapid recurrence of changes in the 
jejunum under our observation in Case 111 
strongly suggests a pathologic condition of 
the nervous mechanism. 

Study of the Large Intestine. Two of the 
patients with scleroderma showed an un- 
usual appearance in the large intestine 
which is difficult to explain on the basis of 
any other pathology, and we therefore as- 
sume that it is related to their scleroderma. 


Case v. E. C., an Italian female, aged 
twenty-two, was first seen in 1930, complaining 
of alternating redness and blueness of her hands 
and feet, and of pain in the joints of her ex- 
tremities. This had been present since the age 
of nineteen. Skin changes, involving the major 
part of the extremities, were consistent with 
scleroderma. The fingers were stiff and showed 
some flexion deformity. Biopsy of the skin 
showed scleroderma. Dorsal sympathectomy 
was performed, but no definite improvement in 
the vascular changes resulted. 

In March, 1937, she first noticed a sensation 
as of food sticking in the lower portion of her 
esophagus. Several months later she began to 
have epigastric distress with occasional nausea 
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and vomiting, occurring from once or twice a 
week to once a month, and without relationship 
to meals or dietary habits. Her symptoms con- 
tinued unchanged for the next two years. 

In February, 1940, barium examination of the 
upper gastrointestinal tract showed definite 
delay in the emptying of the esophagus with 
moderate widening of all but the distal 2 cm., 
which appeared narrower than usual. No peri- 
staltic waves were seen, and at the end of 
fifteen minutes the lower third was still filled 
with barium. Above this filled portion the walls 
were coated with barium and remained open. 
The stomach was essentially normal. 

The patient was discharged, partially re- 
lieved, on a controlled dietary regimen. In 
October, 1942, she returned complaining of 
lower abdominal cramp-like pain and frequent 
attacks of diarrhea, four to five liquid stools a 
day. The difficulty in swallowing and occa- 
sional nausea and vomiting were still present. 

A barium enema examination in November, 
1942, showed the barium to pass more slowly 
than usual from the rectum to the splenic flex- 
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ure, and then to proceed at a normal rate to 
the cecum. The transverse colon appeared to 
be slightly shortened. There was a peculiar 
sacculation of the descending and transverse 
colon (Fig. 9). The areas of sacculation seemed 
to be the normal colon while the areas in be- 
tween appeared slightly rigid with irregular 
outline and change in the mucosal pattern, the 
mucosa consisting of thickened longitudinal 
folds only. In many respects the appearance of 
the pathologic areas was similar to that seen in 
ulcerative colitis. Re-examination two weeks 
later showed no change in the appearance of the 
colon (Fig. 10, 4). 

Sigmoidoscopy failed to show any evidence 
of ulcerative colitis. 


Summary of Case V. A patient with long 
standing moderate scleroderma and char- 
acteristic esophageal changes showed a 
peculiar appearance of the colon. Areas of 
sacculation alternated with areas of rigidity 
similar to those seen in ulcerative colitis. 

The second case in which changes in the 


Fic. 9. Case v. 4, examination of the colon shows slight shortening of the transverse colon with peculiar 
sacculation of the transverse and descending portions. The areas of sacculation appear to be normal colon 
while the areas between seem slightly rigid with irregular outline. B, post-evacuation roentgenogram shows 
the mucosa of the narrowed portion of the colon to consist only of thickened longitudinal folds, while the 


mucosa in the sacculated areas appears normal. 
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Fic. 10. 4. Case v. Examination of the colon two weeks after Figure 9 shows essentially no change. Note 
that the posit‘on of the sacculated appearing normal colon is seen in the identical position as before (see 
Fig. 9). B. Case tv. Examination of the colon showed a suggestion of multiple sacculations as seen in Case 
v. In this case, however, this could be due to localized filling of normal haustra. 


colon were found showed changes in the 
small intestine also (Case iv, described 
above). In this case the barium enema at a 
later stage of the disease showed a peculiar 
tendency towards sacculation but no areas 
of rigidity were present (Fig. 10, B). 

The proof of connection between the 
changes in the large intestine and the 
scleroderma is by no means convincing. 
The changes in Case Iv were rather minimal 
or doubtful, and in Case v they could be ex- 
plained by the presence of ulcerative colitis. 
In Case v, however, the unusual distribu- 
tion, together with the absence clinically 
and sigmoidoscopically of evidence of in- 
volvement of the lower part of the colon, 
justified the mention of these abnormalities 
and suggested their possible relationship 
with scleroderma. 


SUMMARY 


The roentgen appearance of the gastro- 
intestinal tract in 22 patients with sclero- 
derma is described. 


Changes from the normal were found to 
be common in the esophagus (13 cases). 
They varied somewhat from patient to 
patient but consisted mainly in delayed 
emptying, combined with a decrease in the 
peristalsis of the esophagus. 

The small intestine showed significant 
changes in four patients. There was local- 
ized widening, usually of the proximal 
loops, together with marked delay in the 
passage of barium through these dilated 
loops. 

There was questionable involvement of 
the colon in two cases, indicated by a pe- 
culiar sacculation, with areas of increased 
rigidity between the areas of sacculation 
in one of the cases. 

The gastrointestinal changes in sclero- 
derma are of clinical importance. They may 
simulate cardiospasm, deficiency disease or 
ileus. 


We wish to thank Dr. John H. Talbott for his in- 
terest in these studies and for permitting us to use 
his clinical reports on a number of the cases. 
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THE ROENTGEN DIAGNOSIS OF FETAL MECONIUM 
PERITONITIS 


By EDWARD B. D. NEUHAUSER, M.D. 


From the Department of Roentgenology of the Infants’ and the Children’s Hospital 
BOSTON, MASSACHUSETTS 


= prompt clinical and roentgenologi- 
cal recognition of intestinal obstruction 
in the newborn child is of extreme impor- 
tance. The roentgenographic changes of 
intestinal obstruction are well known, but 
we are not aware of any previously re- 
ported diagnositic criteria for the recogni- 
tion of fetal meconium peritonitis that so 
frequently accompanies stenosis or atresia 
of the bowel. 

According to Abt' the first reported series 
of observations on fetal peritonitis were 
made by James Y. Simpson who in 1838 de- 
scribed 25 cases. Since then there have been 
occasional reviews and isolated case reports 
in the literature. Abt states that although 
syphilis or bacterial fetal peritonitis may 
occur, there seems little doubt that me- 
conium peritonitis is the most common 
form. Markowitz and Loar‘ have defined 
meconium peritonitis as a non-bacterial 
chemical inflammation of the peritoneum 
caused by escape of sterile meconium into 
the peritoneal cavity through a perforation 
in the bowel wall. They add that 50 per 
cent of the bowel perforations occur proxi- 
mal to a region of bowel atresia. Kornblith 
and Otani* have reported rupture of the 
bowel in intestinal obstruction due to me- 
conium ileus with resulting meconium 
peritonitis. 

Boikan? believes that intestinal peri- 
stalsis is necessary for rupture of the bowel 
and as it is probable that peristalsis does 
not begin before the fifth month of intra- 
uterine life, so rupture of the bowel prob- 
ably occurs only after the first half of 
gestation has been completed. In many in- 
stances the site of rupture cannot be found 
at postmortem examination due to healing 
over of the perforation. 

The clinical manifestations of fetal peri- 
tonitis have been reviewed by Abt; it ap- 


pears that only rarely have the clinical 
findings led to a correct diagnosis. If intes- 
tinal obstruction is associated with the 
peritonitis, then the symptoms are those of 
obstruction. It is likely that there have 
been many cases of survival if the mecon- 
ium peritonitis was unassociated with 
bowel obstruction, and the diagnosis sus- 
pected only by the dense bands and adhe- 
sions disclosed at later operation or 
autopsy. 

Recently we have observed 3 cases in 
which it was possible to make a roentgen 
diagnosis of fetal meconium peritonitis by 
the presence of areas of calcification within 
the peritoneal cavity. It has long been rec- 
ognized that calcium deposition occurs 
within the collections of cornified epithelial 
cells extruded in the meconium. Litten, 
cited by Boikan, believes that the calcifi- 
cation may begin as soon as twenty-four 
hours after the onset of the peritonitis. In 
each of our 3 cases there was atresia of the 
bowel and 1 of the 3 cases also had an 
omphalocele. In each case roentgen exam- 
ination of the abdomen was made because 
of suspected intestinal obstruction. 


REPORT OF CASES 


Case 1. A three day old white male infant 
was admitted to the Children’s Hospital be- 
cause of vomiting of two days’ duration. 

The history shows that the patient was a full 
term, normally delivered infant that cried well 
after birth. On the second day of life the patient 
was given his first feeding and within fifteen 
minutes vomited. The vomitus contained some 
bile. The baby continued to spit up small 
amounts of greenish material. On the day of 
admission the vomitus became greenish brown 
in color and vomiting followed every attempted 
feeding. The abdomen had become somewhat 
distended during the forty-eight hours preced- 
ing admission. The baby allegedly had had 
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throughout the peritoneal cavity and lying 
outside of the dilated loops of bowel were many 
irregular shadows of calcific density. 

The infant was operated upon by Dr. Robert 
Gross two hours after admission to the hos- 
pital. When the abdomen was opened an 
atresia of the jejunum was disclosed with 
marked dilatation of the bowel proximal to the 
point of atresia and the bowel was collapsed 
distal to it. Scattered throughout the peritoneal 
cavity were many pinhead-sized yellowish le- 
sions and lightly adherent to the omentum were 
several larger patches of yellowish material 
having the appearance of old meconium. 
There were a few fine adhesions about some of 
the dilated loops of small bowel. There was no 
evidence of old perforation, but an extensive 
search was not made. Several of the collections 
of yellowish material were removed for study. 
A side-to-side anastomosis was made around 
the area of atresia. 

The postoperative course was not eventful 
and the patient is living and well. 


Fic. 1. Case 1. Roentgenogram of the abdomen made 
in the supine position reveals the dilated loops of 
small bowel and numerous plaques and streaks of 
calcific density. 


three small stools. There was no cyanosis with 
the attacks of vomiting. 

Physical examination showed a well devel- 
oped and fairly well nourished, somewhat de- 
hydrated male with a good cry and who moved 
actively on the examining table. The anterior 
fontanelle was soft; the neck was not stiff and 
the heart and lungs appeared clear. The ab- 
domen was slightly distended and tympanitic 
throughout. There was moderate intestinal 
patterning over the upper abdomen with visible 
peristaltic waves. There were no palpable or- 
gans or masses within the abdomen. Rectal 
examination revealed no abnormality. Immedi- 
ately after the rectal examination the baby 
passed a small black stool that was waxy in 
consistency and did not present the usual ap- 
pearance of normal meconium. 

Roentgen examination was made in the lat- 
eral supine and upright positions. The roent- 
genograms showed moderate distention of the 
stomach and marked distention of the proximal 3. Case 1. of 
small bowel with numerous air and fluid levels in lateral decubitus showing the markedly dis- 
giving the usual appearance of obstruction of tended loops of bowel and streaks and patches of 
the jenunum or proximal ileum. Scattered calcified meconium. 
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Pathological examination by Dr. Sidney 
Farber showed that the sections of the yellowish 
material removed at operation were made up of 
stratified, desquamated epithelium, similar to 
the cells of the same sort found in the contents 
of the amniotic sac. There were also some fat 
laden cells, and in and around the epithelial 
cells collagen was being deposited. Some coagu- 
lation necrosis and hyalinization of the cells 
was taking place. There was an ingrowth of a 
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Fic. 3. Case 1. Photomicrograph of a portion ot 
meconium plaque. The great majority of the cells 
are cornified epithelial cells. 


large number of blood vessels about the masses 
of cells and some fibrous tissue. Special stains 
showed that the masses were heavily infiltrated 
with calcium which appeared to be deposited 
on all of the stratified epithelial cells. The 
pathological diagnosis was meconium peri- 
tonitis. 


Fic. 4. Case 1. Photomicrograph after staining with 
von Kossa’s stain shows the extensive distribu- 


tion of the calcium encrusting the cornified epi- 
thelial cells. 


The Roentgen Diagnosis of Fetal Meconium Peritonitis 


ic. 5. Case u. Roentgenogram of the abdomen made 
in the supine position shows dilated loops of small 
bowel with a single large and irregular collection 
of calcium in the right lower quadrant. 


Case 1. A five day old white male infant was 
admitted to the Children’s Hospital because of 
vomiting since birth. 

History revealed that the infant was a full 
term, normally delivered infant that weighed 
7 pounds, 7 ounces at birth. On the first feeding 
the baby vomited and continued to vomit after 
every feeding until the fourth day of life when 
he began to have frequent vomiting unassoci- 
ated with feedings. At first the vomitus was 
bile stained, but soon became brownish in 
color. Abdominal distention was not noted 
until the day of admission. The baby had had 
no bowel movements. 

Physical examination revealed no abnormali- 
ties except slight dehydration and a distended 
tympanitic abdomen with intestinal patterning. 

Roentgen examination was carried out 
shortly after admission. The roentgenograms 
disclosed marked dilatation of small bowel loops 
with numerous air and fluid levels and no evi- 
dence of gas in the colon. The appearance was 
that of a low ileal obstruction. In the right 
abdomen was a fairly large, but rather faint 
shadow of calcific density. It could not be made 
out whether this was within or outside of the 
intestinal tract. 
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Fic. 6. Case 1. Roentgenogram of the specimen re- 
moved at operation shows the calcium deposition 
about the wall of the atretic bowel. 


Operation by Dr. Gross revealed an atresia 
of the ileum about 10 cm. proximal to the ileo- 
cecal valve. The peritoneum showed evidence 
of a diffuse fetal peritonitis with numerous 
dense and vascular adhesions between the loops 
of bowel and between the bowel and the parietal 
peritoneum. Several yellowish plaques of ma- 
terial were imbedded in the adhesions. Attached 


Fic. 7. Case m1. Roentgenogram of the abdomen 
made in the supine position shows a single dilated 
loop of small bowel and the large omphalocele 
with the ribbon-like pattern of calcium within. 
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to the distal loop of ileum was a mass of yellow- 
ish material surrounded by adhesions. This was 
excised. A lateral anastomosis was done around 
the area of atresia. No evidence of recent per- 
foration could be found. 

Pathological examination by Dr. Farber re- 
vealed a picture similar to that observed in the 
first case, but in addition there was a small 
piece of bowel which also contained stratified 
epithelial cells with a heavy encrustation of 


Fic. 8. Case 111. Roentgenogram of the excised and 
opened omphalocele shows the dense adhesions and 
the calcium deposit outlining portions of the bowel. 


calcium. A pathological diagnosis of fetal me- 
conium peritonitis was made. 

The course subsequent to the operation was 
stormy and after a second operation for the 
lysis of adhesions the patient died. Postmortem 
permission was not obtained. 


Case 11. A female infant was admitted to 
the hospital four hours after an apparently 
normal delivery because of a large omphalocele. 

Physical examination revealed a fairly well 
developed white female baby in no apparent 
distress. There were no evident abnormalities 
except for a large lobulated omphalocele and a 
single dilated and tympanitic loop of bowel in 
the upper abdomen. 

Roentgen examination revealed the typical 
picture of duodenal obstruction. The omphalo- 
cele showed irregular areas of calcific density 
and apparently the calcium lined the bowel wall 
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as the intestinal patterning within the omphalo- 
cele could be made out by the deposits of cal- 
cium either within the lumen or along the peri- 
toneal surface. 

Operation, performed by Dr. Matson, re- 
vealed an atresia of the duodenum. The 
jejunum and ileum were contained within the 
omphalocele sac. The omphalocele was excised 


Fic. 9. Case 1. Photomicrograph of a portion of the 
bowel wall shows calcium deposited within the 
bowel wall. 


as the bowel within was strangulated and atret- 
ic. The patient survived for only a few hours. 

Pathological examination revealed calcium 
deposition within the lumen of the bowel in- 
carcerated within the omphalocele, within the 
wall of the bowel, and a small deposit on the 
peritoneal surface in addition to the extensive 
fetal peritonitis. There was no evidence of corni- 
fied epithelium, as there was atresia of the bowel 
proximal to the omphalocele. 


COMMENT 


Three cases of fetal meconium peritonitis 
have been presented. Each case presented 
changes on the roentgenogram that we be- 
lieve are typical of this condition. In each 
of the 3 cases atresia of the bowel was 
present giving the usual picture of multiple 
dilated loops of bowel with air and fluid 
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levels when the roentgenograms were made 
in the erect position. In addition, there were 
one or more irregular shadows of calcific 
density within the peritoneal cavity and 
either lying within the bowel lumen, within 
the bowel wall or lying loosely adherent to 
the peritoneal surface of the bowel or pari- 
etes. We know of no other condition that 
presents a similar roentgen appearance in 
the newborn child. 


SUMMARY 


1. Although fetal meconium peritonitis 
is uncommon we have observed three cases 
during the past year in which a roentgen 
diagnosis was possible. 

2. Each of the three cases exhibited the 
characteristic appearance of bowel atresia. 

3. In addition there were one or more ir- 
regular plaques of calcification visible on 
the roentgenogram which at operation or 
autopsy proved to be meconium that had 
been extruded through a perforation in the 
bowel and had then undergone calcification. 

4. In no case was the site of perforation 
visible at operation or at autopsy. 

5. Perforation of the bowel probably 
occurred some time before the delivery of 
the infant, but after the fifth month of 
intrauterine life. 
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INCIDENTAL FINDINGS IN UROGRAMS CONCERNING 
THE UTERUS 
By J. T. MARR, M.D.,* and U. V. PORTMANN, M.D. 
Cleveland Clinic 


CLEVELAND, OHIO 


URING a study of urograms seen in 

the Department of Diagnostic Roent- 
genology of the Cleveland Clinic it was 
noted that the dye-filled urinary bladders 
of men and women often differed in shape. 
The upper surface of the female bladder 
was usually concave, and that of the male 
was nearly always convex. This observa- 
tion led to the conclusion that the concav- 
ity of the female bladder is caused by pres- 


Fic. 1. The normal adult male bladder is round 
and smooth in contour. 


sure from the uterine fundus. The following 
quotation from Morris’ Anatomy! con- 
firms this conclusion: ““The anterior surface 
of the uterus rests upon the upper and pos- 
terior surfaces of the bladder. The main 
support of the uterus comes from the uro- 
genital diaphragm, acting through the 
bladder, its ligaments serving merely to 
maintain its horizontal position.” 

The observation of the concavity in 
female bladders suggested that useful in- 
formation about the size and shape of the 
uterus might be obtained from urograms. 
The only report in the literature was an 


article by Snow? concerning cystograms as 
an aid in the diagnosis of extrauterine preg- 
nancy. He stated that the urinary bladder 
filled with an opaque medium showed a 
pressure defect on its upper wall “by the 
uterus which was smaller than it should 
have been for the period of gestation. From 
such studies, it is possible to tell whether 
the uterus is only slightly increased in size 
or sufficiently enlarged as to contain a full 
term fetus.” 

A similar article on “Roentgenologic di- 
agnosis of placenta previa” by Ude, Weum 
and Urner* appeared in 1934. Since then 
others have confirmed their observations 
which may be summarized as follows: In 
placenta previa the placenta is interposed 
between the upper portion of the maternal 
urinary bladder and the fetal skull, thus 
increasing the distance between the bladder 
and the skull from an average of 6 to 8 
mm. to as much as 3 to § cm., which may be 
measured on cystograms. 

To confirm the hypothesis that the fun- 


Fic. 2. The normal adult female bladder sometimes 
has a smooth concavity in the upper surface which 
is an impression made by the uterus. 


* Former Fellow in Radiology, Cleveland Clinic Foundation; now Lieutenant, M. C., A. U. S. 
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dus of the uterus often makes an impres- 
sion on the bladder and that its size can be 
measured, 50 urograms of men were studied 
to determine the usual shape of their blad- 
ders. The majority of the bladders were 
convex across the fundus, but a few were 
flattened or slightly irregular. The usual 
shape.of the male bladder is illustrated in 
Figure 1. Five hundred unselected uro- 
grams of women were then examined to 
study the impression of the uterus on the 
bladder, and these findings were correlated 
with case histories and pelvic examinations. 
The concave impression made by the uterus 
on the bladder is illustrated in Figure 2. 

In order to measure the width of a uterus, 
marks were made on the urogram on each 
side of the concave impression on the blad- 
der at points which seemed to represent 
the lateral borders. The distance between 
these points was considered to be the width 
of the uterine fundus within a centimeter 
or two. Figures 3 and 4/4 show that a con- 
cave impression is made on the bladder by 
the uterus and that its width can be meas- 
ured. In both of these illustrations a soft 
shadow can be seen in the concavity in the 
bladder which no doubt is made by the 
uterine fundus and very closely correspands 
in width to the pressure defect. The uterine 
fundus occasionally can be seen even in 
plain roentgenograms as illustrated in Fig- 


Fic. 3. The shadow of the uterus will sometimes be 
seen in the concave impression which is not always 
in the midline of the bladder (see Fig. 4.4 and 58). 
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Fic. 4. 4, the width of the fundus may be estimated 
by measuring between points at the extreme 
lateral edges of the uterine impression in the blad- 
der (see Fig. 2 and 74). B, the same case as 4. 
The shadow of the uterus may sometimes be seen 
in the plain roentgenogram. 


ure 4B which is of the same case as Figure 
44. 

It is also reasonable to assume that the 
bladder content influences the size of the 
uterine impression. Figure 5 shows a 
bladder which is very distended, but no 
uterine impression is visualized. However, 
it is seen when the bladder is partly emptied 
as in Figure 5B. No doubt this can happen 
if the bladder is so full that it pushes the 
uterus backward; then a layer of opaque 
medium overshadows the uterus. Uterine 
impressions are not always in the midline 
of the bladder, as illustrated in Figure 3. 
When the impressions are not in the mid- 
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Fic. 5. 4, no uterine impression may be made if the 
bladder is distended too much by dye solution. 
B, the same case as 4. The distended bladder has 
been partly emptied so that the uterine impression 
can be seen. 


line, the lateral plane of the uterus instead 
of being perpendicular to the sagittal plane 
of the body is usually at an angle. This 
would be expected, because if the uterine 
fundus moves laterally it would also rotate 
on its long axis and rest on the sloping sur- 
face of the bladder. 

The 500 female patients studied were 
grouped according to the following char- 
acteristics: 

1. Menstruating Periodically. This group 
was subdivided into (a) those showing a 
uterine impression, (4) those showing no 
impression, (c) 9se with retroversion or 
founu by pelvic examination. 

. Past Natural Menopause. This group 
was into (a) those showing an 
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impression, and (4) those showing no im- 
pression. 

3. Menopause Induced Surgically. This 
group was subdivided into (a) those having 
had hysterectomy, (4) those having had bi- 
lateral oophorectomy. 

4. Not Having Reached Menarche. 

5. Pelvic Tumors. 

1. Two hundred and ninety-nine of the 
500 patients were menstruating periodically 
and were considered to be in the fertile 
years of life. Accordingly their uteri should 
be normal in size, shape, and position. 

(a) Two hundred and twenty-one of the 
299 patients menstruating periodically (74 
per cent) showed a uterine impression in 
the bladder. Seven of them had retroversion. 
The urogram of special interest was of a 
woman who had had a uterine suspension. 
Figure 6 shows the shadow of the uterus, 
the concavity made by it on the bladder, 
and also impressions on each side that were 
probably made by the shortened round liga- 
ments. 

(4) Seventy-eight of the 221 cases men- 
struating periodically (26 per cent) showed 
no uterine impression. 

This may be explained as _ follows: 
Twenty of the 78 cases had uterine retro- 
version. The bladders of 4 others were 
quite full, and 9 had either adrenogenital 
pathology, very small uteri by palpation, 


Fic. 6. The shadows of the uterus may be seen in the 
concave impression in the bladder. Also small im- 
pressions on each side laterally made by the round 
ligaments shortened by uterine suspension. 
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or were sterile. Therefore, the uteri of 33 of 
78 patients (42 per cent) were in retrover- 
sion or so small that no impressions were 
made in the bladder. 

(c) Twenty-seven of 299 patients men- 
struating periodically had definite retro- 
version by pelvic examination, and 20 
(74.1 per cent) showed no impression, but 
the remaining 7 did. 

The explanation seems to be that if the 
uterus is retroverted or retroflexed con- 
siderably the fundus does not rest on the 
bladder, but if the malposition of the 
uterus is temporary and it returns to its 
normal location either partially or com- 


Fic. 7. 4, if the uterus is in retroversion-retroflexion 
the impression in the bladder may be small and 
obscured to some degree by a thin layer of dye 
solution anterior to the uterus. B, the same case as 
4 showing a thick layer of dye solution in the 
bladder almost obscuring the impression of the 
uterus in retroversion-retroflexion. 
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Fic. 8. No uterine impression in the bladder will be 
made after menopause because the uterus has 
atrophied. 


pletely, an impression will be made. If 
there is only slight retroversion, the uterus 
should rest more on the posterior surface 
of the bladder than on the superior surface. 
Therefore, when the bladder is filled, a thin 
layer of dye would be visualized anterior 
to the uterine fundus. This probably does 
not happen often but may explain the case 
illustrated by Figure 74 which shows a 
uterine impression and a thin layer of dye 
anterior to the uterus. Another urogram of 
the patient shows the uterine impression al- 
most obscured as seen in Figure 7B. 

2. One hundred and twenty-two of the 
500 cases had natural 

(a) Thirty-three of the 122 cases (27 per 
cent) past natural menopause showed a 
uterine impression. The time since meno- 
pause of these patients was relatively short 
and averaged four and a half years. 

(6) Eighty-nine of the 122 cases (73 per 
cent) past natural menopause showed no 
uterine impression, the bladders being flat 
or convex (Fig. 8). However, the average 
time since menopause of these patients was 
ten years, much longer than those showing 
impressions. 

Since 73 per cent past menopause and 
only 26 per cent menstruating showed no 
uterine impression on the bladder, the 
menopause must cause some change in the 
uterus responsible for this difference. This 
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Fic. 9. There is no uterine impression in the 
bladder after hysterectomy. 


may be due either to atrophic changes in 
the uterus or its ligaments or both. Appar- 
ently very little is known about the actual 
amount and rate of diminution in size of 
the uterus following the menopause. The 
observations of Currier‘ help to explain the 
changes. He referred to women in whom 
the menopause was progressing, stating 
that “there is either no perceptible ana- 
tomical change, or there is the congestion, 
the hypertrophy, the granulations of the 
endometrium, with enlargement of the 
organ and the occasional profuse hemor- 
rhages which are incidental.” 


Fic. 10. A uterine impression in the bladder of a 
woman who had oophorectomy only five months 
previous to urography. The uterus has not yet 
atrophied. Its shadow is visualized in the concav- 
ity in the bladder. 
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In those women in whom the menopause 
has taken place at the customary time as a 
natural process and in whom two years or 
more have intervened since the last men- 
struation, “atrophy of the tissues is well 
marked—the entire organ is reduced in 
size.” 

In those women in whom the menopause 
has taken place prematurely either from 
natural causes or from removal of the 
ovaries, the changes are not materially dif- 
ferent from those in whom it took place at 
the customary time from natural causes, 


Fic. 11. No uterine impression in the bladder of a 
woman who had oophorectomy eleven years 


previous to urography because the uterus has 
atrophied. 


except that the entire process of atrophy 
moved on more rapidly. 

In those in whom the interval of time 
since the menopause has been very long 
the corpus may be no larger than a pigeon’s 
egg. On the other hand, even in extreme 
age the organ has been found to be several 
inches in length, its nutrition being con- 
tinued by neoplasm within its structure. In 
general, in virgins and widows who are 
continent, uterine atrophy is more com- 
plete and more prompt than in married 
women. 

These anatomical changes may explain 
why no uterine impressions were made in 
the bladders of such a high percentage of 
women past the menopause. 
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3. Forty-nine of the 500 cases had had 
hysterectomy. 

(a) All but one of the cases (98 per cent) 
having hysterectomy failed to show a con- 
cavity in the bladder. Figure g is of a pa- 
tient, aged forty-three, who had a hyster- 
ectomy at the age of thirty-two. One pa- 
tient, said to have had a hysterectomy, had 
a concavity in the bladder which resembled 
a uterine impression. It is obvious that if 
no uterus is present there can be no uterine 
impression in the bladder, but if a concav- 
ity is seen there must be some other cause. 


Fic. 12. No uterine impression in the bladder, of a 
girl before menarche because the uterus is not yet 
large enough. 


(6) Twelve patients had bilateral oopho- 
rectomy, and 10 of these (84 per cent) 
showed no impression, but 2 did. However, 
these 2 patients had been operated upon 
only a few months prior to urography. 
few months probably is not time enough 
for the uterus to atrophy. The shortest 
interval since oophorectomy of those show- 
ing no impression was one year, the average 
being nineteen years. Figure 10 shows an 
impression in the urogram of a patient, 
aged thirty-one, who had had an oophorec- 
tomy only five months previously. Figure 
Il showing no impression is that of a pa- 
tient, aged forty-four, who had an oopho- 
rectomy and uterine suspension at the age 
of thirty-eight. No doubt oophorectomy 
eventually results in uterine atrophy, there- 


Incidental Findings in Urograms Concerning the Uterus 


431 


Fic. 13. A deep irregular impression in the bladder 
made by a large nodular uterine fibroid. 


fore no impression of the uterus will be 
made in the bladder. 

4. Eighteen of the 500 cases had not 
reached menarche. The average age of this 
group was ten years. All but one showed no 
impression and most of the bladders were 
well rounded, as illustrated by Figure 12. 
The one patient who showed a slight im- 
pression apparently being very near the 
menarche was ten years old and physically 
quite mature. Probably her uterus had be- 
gun to enlarge, but the impression on the 
bladder was small. The explanation seems 
to be that the uteri of these girls were not 
yet large enough to make an impression in 


the bladder. 


Fic. 14. A wide smooth impression in the bladder 
made by a diffusely enlarged fibroid uterus. 
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Fic. 15. A deep impression laterally in the bladder 
made by a nodule of a large uterine fibroid, the 
shadow of which may be seen filling the pelvis. 


5. Cases with pelvic tumors are included 
in some of the above groups, but a few of 
special interest will be discussed. The most 
common tumors were uterine fibroids. Fig- 
ure 13 shows a medium size fibroid which 
made a rather deep and irregular impres- 
sion in the bladder. Figure 14 illustrates a 
diffusely enlarged uterus making a wide, 
smooth impression. Figure 15 shows a large 
fibroid with a nodule compressing the left 
side of the bladder. The soft tissue shadows 
of enlarged fibroid uteri also can be seen in 
Figures 14 and 15. A large ovarian cyst fill- 
ing the right side of the pelvis and com- 


Fic. 16. Lateral compression of the bladder made 
by a large ovarian cyst, the shadow of which may 
be seen filling the pelvis. 
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pressing the right side of the bladder is seen 
in Figure 16. 


COMMENTS 


This discussion of uterine impressions on 
the bladder as seen on urograms was based 
upon cases that primarily were urological 
problems, therefore few pathological con- 
ditions in the pelvis were encountered. It 
should be possible to give the clinician in- 
formation about the condition of the 
uterus or pathological changes in the pelvis 
as incidental findings when interpreting 
these roentgenological examinations. 

All patients had urograms made at five, 
fifteen, thirty, and sixty minute intervals. 
The last gave the most information be- 
cause the bladder usually contained more 
opaque medium and the uterine impres- 
sions were deeper. 

All roentgenograms were made in the 
supine position, but urograms or cysto- 
grams made in the standing position would 
probably give the most accurate informa- 
tion because the uterus would fall more 
heavily upon the bladder and make a bet- 
ter impression. 

Some patients had manual pelvic exam- 
inations made by physicians with experi- 
ence but not always was there agreement 
about the size of the uterus. Also it was so 
difficult to do pelvic examinations on a few 
patients that even a rough estimate of the 
size or position of the uterus could not be 
obtained, but the roentgenological methods 
described seemed to give accurate informa- 
tion. 

In certain cases cystograms may be indi- 
cated for the specific purpose of studying 
uterine impressions, and roentgenoscopy 
while the bladder is filling might be of 


value. 
CONCLUSIONS 


1. From a study of 500 routine urograms 
of women, it was found that the uterus may 
make a concave impression on the urinary 
bladder. 

2. The cases were grouped according to 
the contour of the uterine impressions on 
the bladder seen on urograms and cor- 
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related with case histories and the findings 
from manual pelvic examinations. Per- 
centages are given of the proportion of 
cases in each group. 

3. It was found that the size, shape, and 
position of the uterus and the presence of 
pathological conditions in the pelvis could 
often be determined by the contour of the 
impression on the bladder seen in uro- 
grams. 

4. The absence of a uterine impression on 
the bladder was explained on the basis of 
(a) the uterus being too small, (4) retro- 
flexion or retroversion of the uterus, (c) ab- 
sence of the uterus from hysterectomy, 
(d) atrophy of the uterus after natural or 
induced menopause, and (e) the bladder be- 
ing over-distended with opaque medium. 
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5. Useful information of clinical sig- 
nificance can often be obtained about the 
condition of the uterus or the presence of 
pathological conditions in the pelvis from 
routine urograms or similar roentgeno- 
logical examinations. 
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THE ROENTGENOGRAM AND SOME CHRONIC NON- 
TUBERCULOUS PULMONARY CONDITIONS* 


By ARTHUR REST, B.Sc., M.D. 


Medical Director and Superintendent 
SPIVAK, COLORADO 


6 hes frequent insidiousness of the onset 
of pulmonary tuberculosis, and the 
complexity and lack of uniformity of the 
course of the disease, may make the recog- 
nition of tuberculosis difficult. The roent- 
gen ray is of great diagnostic import, and, 
in many cases, may be the only determining 
factor in the diagnosis of pulmonary tuber- 
culosis. There is no intention on my part to 
detract from the value of this diagnostic 
feature which has contributed so much to 
the early recognition, understanding and 
management of pulmonary tuberculosis. 
However, there are cases when roentgen 
changes in the lungs are observed which ap- 
pear to be typically characteristic of tuber- 
culosis; subsequently, other important di- 
agnostic adjuncts reveal the absence of 
tuberculosis and the presence of non-tuber- 
culous lung disease. 


CASE REPORTS 


The following 5 representative case re- 
ports form the basis for this study. 


Case 1. A male, aged twenty-nine, laundry 
driver, from Chicago, Illinois, was sent to the 
Sanatorium of the Jewish Consumptives’ Relief 
Society, at Spivak, Colorado, on November 3, 
1940, with the diagnosis of active pulmonary 
tuberculosis of the miliary type. 

This conclusion was made on roentgenologic 
interpretation. 

The onset of his illness was with lassitude and 
malaise in August, 1940, which became pro- 
gressively worse. Coincidentally, the patient 
became increasingly pale. On October 7, 1940, 
he experienced a severe pleuritic pain over the 
left chest. A roentgenogram revealed involve- 
ment of both lung fields and immediate admis- 
sion to a tuberculosis sanatorium was advised. 

Physical examination revealed a well devel- 
oped and fairly well nourished, but very pale 
patient. There were no symptoms of active 
pulmonary tuberculosis or of any respiratory 


* From the Medical Department of the Sanatorium of the Jewish Consumptives’ Relief Society, Spivak, Colorado, 
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infection. Sputum was negative. A generalized 
adenopathy, particularly of the cervical, axil- 
lary, inguinal and left cubital lymph nodes was 
present. The spleen was markedly enlarged and 
the liver only slightly increased in size. 

The roentgen picture was unusual (Fig. 1). 

The blood examination upon admission re- 
vealed the hemoglobin to be 45 per cent. The 
red blood count was 3,100,0c0 giving a color 
index of 0.72 and corresponding to a hypo- 
chromic anemia. The total white count upon 
admission of 5,300 dropped to 4,100. The differ- 
ential count showed a range of 71-81 per cent 
lymphocytes and 27-11 per cent neutrophiles. 
The lymphocytes were small and large, with 
the small ones definitely prevailing. There were 
no abnormal polymorphonuclear leukocytes. 
A sternal puncture revealed only small lympho- 


Fic. 1. Case 1. Both lung fields from the first rib 
anteriorly to the diaphragm are infiltrated with 
minute areas of densities—the peculiarity is that 
the apices and the periphery of both lung fields 
are practically uninvolved, while the infiltration 
is very heavy above both diaphragms, symmetri- 
cally, giving the impression of a butterfly distribu- 
tion. 
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Fic. 2. Case 1. 4, both lung fields from apex to base are heavily infiltrated with very fine areas of densities— 
it is almost impossible to distinguish any uninvolved lung tissue. B, there has been complete absorption 
of the massive infiltration with restitutio ad integrum and absence of residual deposits. 


cytes. The pathologist’s report of the biopsy 
of a cervical lymph node was aleukemic lymph- 
adenosis. In aleukemic lymphadenosis, which 
was our diagnosis in this case, rather than pul- 
monary tuberculosis, although lymphosarcoma 
without lymphemia must be considered, there 
is a lymphatic infiltration of the peribronchial 
and interlobar connective tissues, producing 
the changes noted in the roentgenogram. 


Case 11. A male, aged twenty-six, was ad- 
mitted to our institution on March 10, 1939, 
from New York City, with the diagnosis of 
active tuberculosis of the miliary type, made by 
roentgen examination. Upon admission he was 
in excellent general condition. Sputum was 
negative. The roentgenogram gave the impres- 
sion of a massive hematogenous pulmonary 
tuberculous spread in both lung fields (Fig. 
24). Another roentgenogram taken less than 
three months after admission showed a com- 
plete disappearance of the massive bilateral 
infiltration (Fig. 2B). Because of the rapid dis- 
appearance of the massive pulmonary lesion in 
so short a period of time, a further investigation 
of the patient’s case history was made. It was 
learned that for eleven years he had worked 
constantly as a floor man in an embroidery 
concern, which brought him into persistent 
contact with, and prolonged inhalation of, a 
fine chalk dust used as a “stamping powder.” 


An analysis of this powder revealed calcium 
carbonate. The roentgen changes were due to 
calcicosis and not to tuberculosis. 


Case 1. M. S., male, aged sixty, was ad- 
mitted to this institution on June 12, 1942, 
with the diagnosis of active tuberculosis of the 
right upper lobe. Onset of his illness was in 
1935 when he developed a non-productive cough. 
At that time the diagnosis of minimal right 
apical tuberculosis was made. His sputum was 
negative. The patient was on a modified rest 
regime. In September, 1941, he began to com- 
plain of weakness, tiredness and dyspnea. The 
cough was non-productive. Sputum remained 
negative. 

Upon admission to this institution, he was in 
fair general condition. His cough and expec- 
toration were minimal. Sputum was negative. 
He appeared to be very nervous, and com- 
plained of marked fatigue. Basal metabolic 
rate was plus 42 per cent. The roentgen appear- 
ance is shown in Figure 3. Because of the per- 
sistently negative sputum examinations, a 
tumor rather than tuberculosis was considered, 
in addition to the definite diagnosis of hyper- 
thyroidism. The patient entered the Mayo Clinic 
on August Ig, 1942, where a thyroidectomy was 
performed. The shadow in the right upper lobe 
subsequently proved to be a Grade 4 adeno- 
carcinoma. 
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Fic. 3. Case m1. There is a dense oval shaped shadow 
in the right upper lobe extending from the fourth 
rib posteriorly to the sixth rib posteriorly off the 
spine. At the inferior border of this dense shadow 
is a well demarcated nodular area of lesser density 
attached to the dense shadow and peripherally 
located. 


Case tv. M. E., female, aged fifty-nine, was 
admitted to this institution on February 28, 
1942, with the diagnosis of far advanced bilat- 
eral pulmonary tuberculosis. Her history re- 
vealed that she had influenza in 1922. A cough 
which was present at that time had persisted. 
Two months prior to her admission her cough 
increased and the expectoration was blood 
tinged. Numerous consecutive sputum analyses 
were negative for tubercle bacilli. Upon admis- 
sion, she was in fair general condition. Her 
cough and expectoration were slight, sputum 
was negative. Urine showed 3 plus sugar and 
blood sugar was 250 mg. Blood pressure was 
180/104. Roentgen examination was confusing 
(Fig. 4). Because of the persistently negative 
sputum examinations, the diagnosis of pul- 
monary tuberculosis could not be made with 
certainty. Diabetes mellitus and hypertension 
were the absolute findings. Her course in the 
institution was retrogressive and characterized 
by numerous hemoptyses. The patient died on 
June 17, 1942, and autopsy revealed a hyper- 
nephroma of the left kidney with metastasis to 
the lungs, liver and bone. There was no evi- 
dence of pulmonary tuberculosis. 
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Case v. S. M., male, aged thirty, was ad- 
mitted to this institution on September 7, 1940, 
in excellent general condition. The onset of his 
illness was with cough and expectoration in 
July, 1939. A roentgenogram taken in May, 
1940, showed what appeared to be extensive 
tuberculosis of both lungs. His sputum was 
negative. He was treated for tuberculosis in a 
private institution and because of lack of funds 
he was admitted to our institution. The roent- 
gen findings could easily be interpreted as being 
due to tuberculosis (Fig. 5). There was an en- 
larged, freely movable but painless gland at the 
right temporomandibular angle, of one year’s 
duration. All sputum examinations were nega- 
tive for tubercle bacilli. The Mantoux test was 
negative. A biopsy of the gland revealed the 
classical picture of Boeck’s sarcoid. The roent- 
gen changes were due to this condition rather 
than to pulmonary tuberculosis. 


DISCUSSION 


The diagnosis of chronic lung disease is 
not always an easy matter. The first con- 
sideration when abnormal roentgenologic 
findings exist is usually pulmonary tuber- 


Fic. 4. Case rv. In the right mid-lung field, and toa 
lesser extent in the base, are shadows giving the 
roentgen appearance of infiltration and exudation 
—in the left upper lobe at the second interspace 
peripherally is an annular configuration. That the 
original lesion was a cavity in the left lung with a 
contralateral bronchogenic cross infection could 
be erroneously concluded from the roentgen find- 
ings alone. 
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culosis. Although the roentgenogram is 
merely a shadow picture, the pathological 
entities of tuberculosis, namely infiltration, 
exudation, caseation, cavitation, fibrosis 
and the combinations of these, can be as- 
certained in the roentgenogram. Yet these 
abnormal pathological roentgen changes 
can be seen in conditions not produced by 
tuberculosis. In the first case, of aleukemic 
lymphadenosis, the roentgenogram pre- 
sented very fine areas of density extending 
from the subapical region and becoming 
heavier above both diaphragms. These 
dense shadows could easily have been in- 
terpreted as being due to a form of hema- 
togenous tuberculosis of the lungs. In this 
blood dyscrasia there is a withdrawal of 
lymphocytes from the blood with storing 
of these cells in tissue spaces, namely the 
lungs, spleen and liver, as occurred in our 
patient. The roentgen findings in the lungs 
are due to lymphatic infiltrations of the 
peribronchial and interlobar connective 
tissues. The sternal puncture showed prac- 
tically all lymphocytes, indicative of meta- 
plasia of the bone marrow, which is pa- 
thognomonic of lymphadenosis. The ab- 
sence of tubercle bacilli in the sputum, and 
the presence of confirmatory findings of 
aleukemic lymphadenosis, led to. the cor- 
rect diagnosis. 

A case of aleukemic lymphatic leukemia, 
with lung infiltrations, was reported by 
Wiseman.' In Falconer and Leonard’s? 30 
cases of lymphatic leukemia, 9 showed 
pulmonary disseminations. 

In the case of calcicosis, the roentgeno- 
gram showed massive fine infiltrations from 
the apex to the diaphragm in the right lung, 
with similar fine infiltrations in the left 
lung. Another roentgenogram, taken less 
than three months after admission, showed 
a complete disappearance of the massive 
bilateral infiltrations, leaving no residual 
deposits. The patient had been inhaling a 
fine chalk dust, calcium carbonate, used as 
a ‘‘stamping powder” for a period of eleven 
years in his work as a floor man in an em- 
broidery concern. Knowing the radiopacity 
of calcium in pulmonary fields, it was felt 
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Fic. 5. Case v. There is a fairly symmetrical involve- 
ment of both lungs from the second to the fourth 
ribs anteriorly of the right lung and from the 
second to the fifth ribs anteriorly of the left lung. 
The involvement appears to consist of infiltration 
and collateral inflammation with suggestion of an 
annular shadow at the third rib anteriorly of the 
right lung. 

that chalk dust and not pulmonary tuber- 

culosis was the cause of the massive pul- 

monary infiltration. It would be expected 
that such material would cause clouding 
of the bronchial tree only, but the possi- 
bility of lymphatic spread, with engulfment 
of the particles by phagocytes in the al- 
veoli, might account for the appearance in 
this case. Authorities have placed dusts 
rich in calcium as the least harmful of the 
inorganic mineral dusts. Calcium is a nor- 
mal constituent of the body tissues and is 
soluble in body fluids. It is reasonable to 
suppose that, chemically, calcium is harm- 
less in the body. Rogers* described the 
roentgen appearance in persons working 
with marble dust which is essentially cal- 
cium carbonate. There were a large number 
of fine nodules, not only in the hilum, but 
scattered throughout the lungs, which he 
interpreted as calcifications. These persons 
have ‘‘marble workers’ phthisis,” which we 
feel our patient had, and not tuberculosis. 

Adenocarcinoma of the lung, as occurred 
in our patient, was difficult to diagnose. 
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The dense shadow limited to the infra- 
clavicular region of the right upper lobe 
first became manifest in 1935, and could 
easily be explained on a tuberculous basis. 
A roentgenogram taken three months later 
showed no change. Cough and expectora- 
tion were minimal, probably because the 
vesicular tissue of the lung was chiefly in- 
volved. Sputum was persistently negative. 
The toxic goiter was producing his extreme 
nervousness, cardiac symptoms and the 
loss of weight of 10 pounds in eight weeks. 
After the thyroidectomy was performed 
at the Mayo Clinic, he gained 22 pounds in 
weight in one month. However, the shad- 
ow in the right upper lobe showed slight 
progression. There were no disturbing pul- 
monary symptoms. The pneumonectomy 
performed at the Mayo Clinic revealed a 
Grade 4 adenocarcinoma of the right upper 
lobe, with involvement of the regional hilar 
lymph nodes. No tuberculosis was found. 
In this case we have a patient with primary 
carcinoma of the lung, of a number of years’ 
duration, only slightly progressive from a 
roentgen standpoint. The cough and ex- 
pectoration had always remained minimal. 

Boeck’s  sarcoid occurs infrequently 
and usually atypically. The pathological 
changes may be entirely confined to the 
lungs and the roentgen appearance may be 
identical with that of pulmonary tubercu- 
losis to the extent that annular shadows 
may be seen in the roentgenogram and 
interpreted as cavities. The cough may be 
severe and the expectoration profuse. 
However, tubercle bacilli are absent. The 
Mantoux test is usually negative. A biopsy 
of a gland, which does not have to be 
increased in size, reveals non-caseating tu- 
bercles that are pathognomonic of this 
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condition. Skin and bone changes need not 
necessarily occur in Boeck’s sarcoid. 


SUMMARY AND CONCLUSIONS 


1. Cases of aleukemic lymphadenosis 
with lung changes, calcicosis of the lungs, 
adenocarcimona of the lung, hypernephro- 
ma of the left kidney with metastasis to 
the lungs, and Boeck’s sarcoid, errone- 
ously diagnosed as pulmonary tuberculosis. 
from roentgenologic findings alone, have 
been presented. 

2. In tuberculosis case finding, the roent- 
gen ray plays a great part in the diagnosis 
of this disease. However, a plea is made not 
to be too hasty in making the diagnosis of 
pulmonary tuberculosis on roentgen find- 
ings alone without consideration of other 
laboratory procedures. 

3. It cannot be emphasized too strongly 
that when a patient expectorates sputum 
which originates from below the bifurcation 
of the trachea, that sputum should contain 
tubercle bacilli if an open case of tubercu- 
losis exists. The failure to find tubercle 
bacilli in the sputum should result in an 
investigation for non-tuberculous pulmo- 
nary disease as shown in my series of cases. 
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CARDIAC MENSURATION* 


By CYRIL F. SHERMAN, M.D., and EDWARD F. DUCEY, M.D. 


Veterans Administration 
MINNEAPOLIS, MINNESOTA 


HE need for an accurate method of 
detecting cardiac enlargement is at- 
tested by the voluminous literature on 
the subject, and the many methods de- 
Evaluation of cardiac 
disability is difficult at best, and cardiol- 
ogists persist in putting dependence on the 
roentgenological determination of heart 
size. This is particularly true in insurance 
and compensation examinations, and the 
need for dependability and reasonable ac- 
curacy in these cases is obvious. The prob- 
lem has been attacked by many investiga- 
tors during the past two decades, culmin- 
ating in the prediction tables formulated by 
Ungerleider and Clark,” and the nomo- 
grams of Ungerleider and Gubner." The 
majority of these calculations have been 
based on (1) the transverse diameter, or 
(2) surface area of the cardiac silhouette. 
Volumetric methods have been excluded 
from this discussion deliberately, because 
they are felt to be too complicated and 
tedious for routine use. 
Comparison of actual cardiac weight at 
autopsy with the roentgen estimation of 
cardiac size has convinced us that a con- 
stant ratio exists between these two values. 
It is realized that cardiac “weight” and 
“size” are not synonymous terms; however, 
the consistent, positive correlation we have 
found between weight and size (the latter 
estimated by roentgen methods) is signifi- 
cant enough in our estimation to warrant 
the publication of this preliminary report. 
Cardiac mensuration is most useful to 
the clinician for the detection of early car- 
diac enlargement before dilatation occurs, 
since it is at this stage that clinical signs are 
meager and inconclusive. Conversely, a di- 
lated, decompensated heart produces abun- 
dant objective evidence of its status, 
requiring no confirmation by indirect 
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methods. Since any increase of cardiac 
weight above normal is an absolute indica- 
tion of cardiac enlargement (and therefore 
of cardiac disease), this value, if predict- 
able, should be the most accurate yardstick 
of cardiac size. 

A table of normal cardiac weights was 
recently published by Zeek," based on the 
study of over 9,000 necropsies, of which 
only goo-odd cases fulfilled her rigid criteria 
of normality regarding the cardiovascular 
system. She concluded that in the normally 
nourished individual, there is a constant, 
positive correlation between heart weight 
and body length, and formulated a pre- 
diction table on that basis. Many writers 
feel that body weight is more significantly 
correlated to heart weight than is body 
length, and that both should be used in 
arriving at a normal value. Rosahn® dis- 
misses body length entirely as a significant 
factor. However, we feel that Zeek’s con- 
clusions are well substantiated by her 
statistical analysis of a large and repre- 
sentative series of cases, and we have, 
therefore, adopted her table of normal 
values as our basis of comparison. 


MATERIAL 


The cases of 200 adult males ranging 
from twenty-four to seventy-four years of 
age were selected for study, in which both 
cardiac weight, as determined at autopsy, 
and teleroentgenographic measurements, 
made within the three month period im- 
mediately preceding the patient’s death, 
were available. A large percentage of the 
roentgenograms were actually made within 
a few weeks ante mortem, but three months 
was selected as an arbitrary maximum time 
limit. Twenty-one cases of emaciated or 
obese individuals and 18 with pericardial 
effusion were not used in computing aver- 
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Fic. 1. A graphic expression of the data contained in 
Table 1. The failure of the Newcomer method and 
cardiothoracic ratio to detect any enlargement 
less than 40 per cent by weight is shown. It will 
also be noted that none of the methods indicated 
enlargement where the cardiac weight was not 
also abnormally high. 


ages because of the known error introduced 
by these factors. Illustrative cases of this 
type are presented in Table 11. Thus, 161 
hearts were actually used in the main 
analysis. 
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Fic. 2. An “average” comparison between enlarge- 
ment as shown by weight, and as obtained by the 
Ungerleider method. The average ratio between 
the results by the two methods is shown to be of 
the order of 3.3:1; i.e., a heart that is 30 per cent 
enlarged by the Ungerleider method could be ex- 
pected to be approximately 100 per cent enlarged 
by weight. 
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METHODS 

Roentgenological methods chosen were 
those of Ungerleider,':" et a/., Newcomer 
and Newcomer® and the “‘cardiothoracic ra- 
tio.” The Ungerleider method was adopted 
in this hospital soon after its publication, 
and we have felt that its values were most 
consistent with clinical findings. It consists 
simply in the comparison of the transverse 
diameter, as measured on the teleroentgen- 


TaB_e I 


Average enlargement of the heart expressed in per 
cent for each of twelve groups, by weight, and by 
the three roentgen methods. 


Group Average | Average Average bey 
Enlarge- of Group of Group of Group Enlarge- 
mane Enlarge- | Enlarge- Enlarge-| vent 

by ment | ment | ment Cardio- 
Weight | __New- thoracic 
eig | eider | comer | Ratio 
Above | | 
200% =| 330 | 43 | 95 30 
(one case) | 
1 50-200 170 28 
110-150 136 38 | 35 17 
gO-110 100 33 11 
7O-gO 83 28 6 
50-70 58 22 | «15 4 
40° 18 | fe) I 
20-30 22 16 | 
10-20 1§ 6 | —I0 —9 
o-10 4 2 | -9 —15 
to —I0 | —§ —4 —18 
—10to —30| —24 —6 —18 —24 


ogram, with the predicted normal given in 
their table. The Newcomer method was 
selected as representative of those utilizing 
the measurement of surface area. It is based 
on the ratio of the area of the cardiac 
rectangle to the area of the thoracic 
rectangle, the predicted normals being 
20, 22, and 26 respectively for patients 
of asthenic, medium, and sthenic builds. 
The cardiothoracic ratio was used because, 
although open to much criticism,!**: it 
is still employed in a surprising number 
of hospitals and clinics. The customary 
value of 50 was set as the upper limit of 
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TaBLe II 


Representative cases in which there was a marked discrepancy in the results, due to obesity, emaciation 


and pericardial effusion. In Column g is given the corrected Ungerleider value based on the normal rather 


than the patient’s actual weight. 


| 


| Pre- | 


Unger- 


Per- | 
_ Trans- | dicted centage’ Per- | leider | 
| Heart | verse | Trans- | En. |centaee Per- | 
Case Height Weight Weight En- centage’ 
ib Di- | verse | large- Diagnosis 
No. cm. | ameter | Di- | ment | arge- 
cm. | ameter |Unger-| | Weight) 
cm. | leider | Zeek | Correc- 
tion | 
Overweight Overweight 
22 | 170 220 600 17.1 | 15.6 9 87 21 | Hypertensive cardiorenal dis- 
} ease 
131 172 198 535 14.6 | 14.7 | o 64 1§ | Coronary occlusion; hyper- 
| | tension 
33 | 165 165 510 13.0 | 13.7 —5 64 8 | Chronic glomerulonephritis 
Emaciated Emaciated 
81 169 99 350 12. | 10.5 19 10 | 2 | Carcinoma of esophagus 
162 175 118 | 365 14.1 | 11.2 27 io | 7 | Tuberculosis, pulmonary, 
| chronic 
95 171 go 350 | 15.2 10.0 §2 8 | 13 | Pneumoconiosis and bronchi- 
| | ectasis 
Pericardial Effusion Pericardial Effusion 
1g | 189 170 440 | 16.6 | 13.0 27, | «23 Anemia, myelophthisic, with 
| ; | anasarca (250 cc. of ef- 
| fusion) 
$3 174 170 405 | 19.6 13.6 | 42 23 Hemopericardium due to me- 


normal. The assembled data were listed 
according to increasing magnitude. All 
measurements, including increase in weight 
based on Zeek’s table of normals, were 
reduced to percentage deviations. 

In depicting our findings graphically, the 
cases were arbitrarily grouped according to 
heart weight (see Table 1). The group limits 
were selected so as to obtain a representa- 
tive number of cases in each division. The 
mean percentage increase for each group 
was calculated for weight, and for the three 
roentgen methods of measurement. The in- 
crease by weight was graphed as a straight 
line, and the mean for each method of 
measurement was graphed below the mean 


| 

| ° 

tastatic tumor (1,000 cc. of 
effusion) 


of the weight increase for each group. The 
data thus acquired are presented in Table 1 
and Figure 1. 

Figure 2 is drawn to show the relation- 
ship between the results by the Ungerleider 
method and the actual percentage increase 
in heart size, as demonstrated by an in- 
crease in weight. The groupings were 
spaced at intervals of 50 per cent, and the 
cases fitted into the grouping. The mean of 
each group was again calculated, and the 
results graphed. Since all the data con- 
sisted of one factor—percentage increase or 
decrease from normal—the curve was not 
straightened mathematically, but an aver- 
age line was selected and graphed. 
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ANALYSIS OF DATA 


1. There is a positive correlation be- 
tween the percentage enlargement in terms 
of cardiac weight, and the percentage en- 
largement as measured by the three roent- 
gen methods used. 

2. The values obtained by the Unger- 
leider method more closely approximate the 
enlargement by weight than do those by 
the other two methods, particularly in 
border line cases. The Ungerleider method 
is the only one of the three by which en- 
largement of 40 per cent or less can be de- 
tected. 

3. As the percentage by weight increases, 
the disparity between its value and that 
obtained by the three roentgen methods 
becomes greater, at a constant ratio, the 
value of which, as shown in Figure 2, is 
approximately 3.3 to 1. 

4. The results by any method of cardiac 
mensuration, based upon body weight as 
a factor, are necessarily influenced by any 
gross variation in either direction from a 
normal weight value. Representative cases 
from our series are illustrated in Table 1. 
It will be noted that the values in obese 
patients are deceptively normal in the pres- 
ence of definite cardiac enlargement, and are 
equally fallacious in the opposite direction 
in persons exhibiting a marked weight loss. 

5. Pericardial effusion of the order of 
200 cc., or more, produces a false increase 
in the transverse diameter by all roentgen 
methods, as illustrated in Table 11. Less 
than this amount is apparently so thinly 
distributed within the sac as to have no 
perceptible effect. 


DISCUSSION 


Prediction of cardiac size, using body 
weight as one factor, can result in a con- 
siderable degree of error, as indicated in 
Table uu. Zeek has shown that obese and 
extremely muscular individuals should not 
be considered as “normal.” For example, 
a male 68 inches tall should weigh 160 
pounds,® and according to Zeek’s table, his 
heart should weigh 334 grams (+40). In 
another individual of the same height and 
weight, but of very muscular build, or of 
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the same height but 40 pounds overweight, 
the heart might weigh circa 400 grams, and 
still be within normal limits. When it is 
realized that a large proportion of cardiac 
disease is associated with obesity, the prob- 
lem of the establishment of normal stand- 
ards of cardiac size becomes apparent. In 
undernourished patients, we are confronted 
with the same sort of error, but in the op- 
posite direction; this is illustrated by the 
second group of cases in Table 1. We be- 
lieve that an arbitrary limit of variation 
from standard weight should be agreed 
upon, beyond which the usual prediction 
tables should not be used unless the stand- 
ard weight value is substituted for the 
actual weight. We have tentatively set this 
limit at +10 per cent, based on results 
obtained by trial or error methods in the 
group of cases excluded from the main 
analysis because of grossly abnormal 
weight. The results of this correction are 
carried in Column g, Table 11. 

The clinician may be further deceived 
by values obtained in serial examinations 
if there has been an appreciable change in 
body weight during the interim, unless (1) 
a constant weight, or (2) the standard or 
“normal” weight value is used throughout 
the series. 

No method of mensuration can be ex- 
pected to differentiate between hyper- 
trophy and dilatation; this problem can best 
be solved by the clinician, based upon his 
findings and serial teleroentgenograms. In 
our series, however, a disproportionate in- 
crease in the transverse diameter as com- 
pared to heart weight was not observed, 
suggesting that dilatation is a negligible 
source of error in these calculations. Fur- 
thermore, as Comeau and White state so 
aptly, “Cardiac mensuration . . . should 
not be accepted unreservedly [as an indi- 
cation of cardiac disease] ...one must 
combat such a tendency as in any other 
laboratory procedure in which mathemati- 
cal limits are established.” Roentgenos- 
copy, electrocardiography, and the various 
functional tests must be employed conjunc- 
tively in any comprehensive examination. 

The comprehensive analysis of methods 
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of cardiac measurement made by Comeau 
and White! is predicated on clinical find- 
ings. Our study seeks to supplement their 
work by devising a means of estimating 
actual cardiac “‘size’’ based on transverse 
cardiac diameter. An obvious defect of any 
system measuring only one cardiac dimen- 
sion is the fact that values expressed as 
percentage deviations from normal may be 
misinterpreted by clinicians as being ex- 
pressions of the actual degree of cardiac 
enlargement, whereas (in the Ungerleider 
method, for example) the value refers to a 
deviation in one plane only. After consider- 
able consultation and discussion, we have 
adopted the following wording of roentgen 
reports: “Estimated heart size—per cent 
of the predicted average normal,” the per- 
centage being the product. of the increase 
in the transverse diameter above the Un- 
gerleider predicted normal, and the factor 
3.3, plus 100. For example, if the transverse 
diameter is plus 20 per cent of the predicted 
normal, the report would then read: “‘Esti- 
mated heart size 166 per cent of the pre- 
dicted average normal.” 

This preliminary report is presented with 
the hope that the problem will be investi- 
gated by others with particular reference 
to (1) the reliability of the factor 3.3 ‘ar- 
rived at in the present study, and (2) the 
limits in deviation of body weight from 
standard weight (for a given age and 
height), within which a reliable estimation 
of normal transverse diameter can be pre- 
dicted on a basis of actual rather than nor- 
mal or standard weight. 


SUMMARY 


1. A direct comparison was made be- 
tween the transverse cardiac diameter of 
200 adult males, obtained within ninety 
days of death, and the weight of their 
hearts at autopsy. 

2. In this study, the results by the Un- 
gerleider method are much more closely 
correlated with the actual cardiac weight 
than are those of the other two roentgen 
methods studied. 

3. There is constant correlation between 
the percentage deviation of the transverse 
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diameter, as obtained by the Ungerleider 
method, and the percentage deviation in 
heart weight as calculated from Zeek’s 
table. This correlation expressed numer- 
ically has a value of 1 to 3.3. 

4. Marked deviation from normal body 
weight and pericardial effusion greater than 
200 cc. impair the accuracy of the method 
to such an extent as to preclude its use 
without qualification. 


The authors gratefully acknowledge the assistance 
of David J. Shellenberg, R.T., in the preparation of 
tables and graphs. 
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A SIMPLE GRAPHIC METHOD FOR MEASURING THE 
AREA OF THE ORTHODIAGRAM* 


By MILTON MAZER, M.D., and BLANCHE B. WILCOX, Pu.D. 


WASHINGTON, D. C. 


NE of the methods commonly used for 

estimating the size of the heart is the 
determination of the area of the frontal 
projection of its roentgen shadow. This is 
usually done from the orthodiagram with 
the superior and inferior borders drawn in 
conjecturally. The measurement of the 
actual area contained by the outline is 
usually accomplished either by means of a 
planimeter or by transferring the outline to 
squared-paper and counting the squares 
within it. The area of squares transected by 
the outline is estimated. If done accurately, 
the squared-paper method is tedious. The 
planimeter while accurate and convenient 
is not available in all hospitals or physi- 
cians’ offices. Terrill® has described a simple 
gravimetric method for measuring the area 
of the cardiac shadow on the roentgeno- 
gram and has applied it in 20 cases. A simi- 
lar method for use with the orthodiagram 
has been adapted by one of the authors? 
from techniques previously utilized by 
Nissim‘ and Strong and Gordon.® By ap- 
plying the method in 100 cases it was 
shown to be sufficiently accurate for clinical 
purposes. Its main disadvantage is that it 
requires the use of a chemical balance. 

Van Buskirk’ has described a graphic 
method for measuring the cardiac area 
which uses rectangular coordinates. How- 
ever, he gave no data on the accuracy of the 
method or its source of error. The method 
described in this paper is based on essenti- 
ally the same principle but its application 
is simpler. Moreover, the use of the method 
in 100 cases shows it to be quite precise. 


METHOD 


If a line (x-axis in Fig. 1) is drawn 
through the longest axis of the outline of 


the frontal projection of the heart shadow, 
it transects it into two segments. The prob- 
lem of measuring the area of each segment 
is that of determining the area under a 
curve. The length of the base may be meas- 
ured directly. If the average altitude of 
each curve were known, the area under it 
could be computed from the formula for the 
area of a rectangle, namely, base x altitude. 
A simple method for readily determining 
the base and average altitude by means of 
a transparent grid has been devised. 

A rectangle of unexposed, fixed, roentgen 
film 20X25 cm. is ruled with black india 
ink into squares by two series of parallel 
lines 1 cm. apart, perpendicular to each 
other. This may be conveniently done by 
fastening the film over a piece of centimeter 
graph paper and tracing the appropriate 
lines on the film. The film held with the 
longer axis horizontal is numbered along 
the middle horizontal line (or x-axis) from 
© to 24 at each point where it is intersected 
by the vertical lines. The horizontal lines 
are numbered along the left hand margin 
(or y-axis) in both directions from the mid- 
dle horizontal line, which is numbered o. 
The centimeter intervals between the par- 
allel horizontal and vertical lines are then 
ruled with 4 lines to make intervals of 0.2 
cm. This is best done with red ink. A dia- 
gram of a portion of the completed grid is 
shown in Figure 1. The intervening 2 mm. 
spaced lines are not shown in the diagram. 

The use of the grid is as follows: A pencil 
line is drawn along the longest axis of the 
orthodiagraphic tracing (x-axis in Fig. 1). 
If properly drawn, lines perpendicular to it 
where it intersects the heart outline should 
be tangential to the outline. The grid is 
placed upon the orthodiagraphic tracing so 
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that its x-axis or zero line coincides with 
the long axis of the outline and with its 
y-axis tangential to the left edge of the out- 
line. This is shown in Figure 1. 

The outline of the heart shadow is in- 
spected through the transparent grid. At 
each point at which it intersects the black 
vertical lines the distance along the y-axis, 
estimated to the closest millimeter, is 
noted. This is done both above and below 
the x-axis. The values are all added, the 
minus signs being neglected. The sum of 
the values is divided by the number of 
vertical lines transected. This can be read 
directly from the grid along the x-axis. The 
result of the division represents the sum of 
the average altitude above and below the 
x-axis. The length of the base (x-axis in 
Fig. 1) to the nearest millimeter is read 
from the grid. This value multiplied by the 
altitude gives the area of the cardiac out- 
line in square centimeters. 

The computation is illustrated by the 
following example: In one case the sum of 
the readings at each point at which the 
vertical lines were transected by the out- 
line was 145. 4 cm. The number of vertical 
lines transected was 15. Each vertical line 
was, of course, transected twice, once above 
and once below the middle horizontal’ line 
(x-axis). The length of the base was 15.2 
cm. The area, therefore was 

145.4 
—— X15.2 =147.3 sq. cm. 
15 

The method as described is essentially 
a simplified application of a theorem in ap- 
proximation calculus. The theorem may be 
stated: ““The average value y of a function 
for an interval equals the average of the 
average values for equal sub-intervals.”? 


APPLICATION 


The method as described was applied to 
the measurement of the area of 100 ortho- 
diagrams and arbitrarily drawn figures of 
the shape and size of the heart. Each de- 
termination was compared to the average 
of three planimeter readings on the same 
figure. The average deviation from the 
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planimeter determination was 0.79 per 
cent. Thirty-nine of the determinations 
showed a negative error with an average of 
0.85 per cent and 61 a positive error with 
an average of 0.75 per cent. The largest 
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Fic. 1. Diagram of grid superimposed on cardiac 
outline. The 0.2 cm. spaced lines are omitted for 
clarity. In actual practice the cardiac area is 
larger in proportion to the size of the grid than 
shown. 


negative error was 2.3 per cent, the largest 
positive error 3.6 per cent. 

The determinations were all made by one 
individual. After the readings were taken 
the grid was removed, reapplied, and the 
readings checked. In a series in which the 
readings were not checked in this manner 
the deviations from the planimeter readings 
were slightly higher. 


SOURCES OF ERROR 


There are four main sources of error in 
the application of the method. 

(a) Errors in the Grid. These may be 
eliminated by careful measurements of the 
completed grid. 

(6) Improper Drawing of the Long Axis 
of the Orthodiagram. This may be checked 
by drawing tangents to the figure where it 
is intersected by the long axis. The tangents 
should be perpendicular to the long axis if 
the latter is properly drawn. 

(c) Improper Placing of the Grid. This is 
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the most important source of error. Par- 
ticular care must be taken in placing the 
y-axis of the grid at the left hand edge of 
the figure. The tangent drawn to check the 
position of the long axis will be of assistance 
in doing this accurately. To avoid move- 
ment of the grid and figure during the 
measurements, they should be fastened to 
a flat surface with thumb tacks. 

(d) Errors in Readings. The actual meas- 
urements are made to the nearest milli- 
meter. Since, as a rule, more than 20 such 
readings are averaged in determining the 
altitude, a small error in one will not be of 
great significance. Most important is the 
final measurement along the x-axis. Since 
the average altitude is multiplied by this 
value for the final result, errors in its meas- 
urement will be reflected there directly. 


SIMPSON’S METHOD 


The possibility of applying a simplified 
version of Simpson’s rule? to the problem 
of determining the area of the orthodia- 
gram was also investigated. Simpson’s rule 
gives a close approximation of the average 
height of curves of first, second, or third 
degree. In applying the method to 80 ortho- 
diagrams or arbitrarily drawn areas of the 
size and shape of the heart, the average 
deviation from the planimeter reading was 
2.8 per cent. In 7 instances the deviation 
was greater than 5 per cent; the greatest 
error was 12.4 per cent. Since the method 
is more cy consuming and considerably 
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less accurate than the technique already 
described, the details of its application are 
not given. 


SUMMARY 


A simple graphic method for the deter- 
mination of the area of the orthodiagram 
is described. It requires no equipment not 
readily available to any physician. Its ap- 
plication to 100 cases. checked by the plani- 
meter shows it to have a sufficiently high 
degree of accuracy for clinical purposes. 
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ACUTE SUPPURATIVE ARTHRITIS OF THE HIP 
IN CHILDHOOD 


By PETER E. RUSSO, M.D. 


Department of Radiology, State University and Crippled Children’s Hospitals 
OKLAHOMA CITY, OKLAHOMA 


CUTE suppurative arthritis of the 

hip continues to be the cause of many 
grave deformities, so that serious consid- 
eration must be given to it by those re- 
sponsible for the diagnosis and treatment 
of this disease. 

Since the greatest incidence is in chil- 
dren from early infancy up to the age of 
fifteen, our cases were selected entirely 
from that age group. Cases of acute sup- 
purative arthritis due to deep penetrating 
wounds or severe crushing injuries of the 
hip were purposely omitted. 

In the discussion of acute suppurative 
arthritis we shall consider: (1) the anatomi- 
cal factors; (2) types of arthritis; (3) bac- 
terial characteristics of the infection, and 
(4) roentgenological aspects. Under ana- 
tomical factors are included the bones and 
capsule of the hip joint, its blood supply 
arid lymph drainage. 

1. Anatomical Factors. The adult ace- 
tabulum is formed by fusion of portions of 
the iliac, ischial and pubic bones. Fusion 
of these bones occurs approximately at 
about the age of seventeen.® Prior to this 
age these three bones are united by a 
Y-shaped piece of cartilage. The capital 
epiphysis of the femur begins to ossify in 
the later six months of the first year of life, 
and fuses with the femoral neck at approxi- 
mately the age of seventeen. The ace- 
tabulum, femoral head, and the greater 
portion of the femoral neck are intracapsu- 
lar in location. Since the highest incidence 
of septic infections of the hip is found in the 
period of early childhood and adolescence, 
it is obvious that the hip joint is most vul- 
nerable to infections during this period of 
active growth and before fusion of the 
epiphyses has taken place. How important 
a role this growth factor plays is rather 
difficult to evaluate accurately. 


A discussion of the blood supply of the 
hip presents several difficulties: First, an 
accurate knowledge of the blood supply to 
this joint is incomplete. Second, anastomo- 
sis between the various arteries does not 
occur until after the eighth year. Third, 
since this infection is usually of hema- 
togenous origin it may attack one or more 
tissues of the hip joint. 

Through the excellent work of Wolcott” 
and of Chandler and Kreuscher* the exist- 


TaBLe I 
AGE INCIDENCE 
Cases 1 to 1s 6 Year 

Reported Years and Over 
Badgley, et al. 113 99 14 
Caldwell? 17 17 
Slowick" 60 39 21 
Our series 40 40 


ence of blood vessels within the ligamentum 
teres has been confirmed. These vessels 
carry blood to the femoral head; however, 
it is acknowledged that these blood vessels 
are variable in size and number and in cer- 
tain cases may be totally absent. It is note- 
worthy to mention at this point that the 
fernoral epiphysis is rarely if ever the pri- 
mary site of an intra-osseous lesion. The 
main blood supply to the hip is by branches 
of the capsular and nutrient arteries. The 
capsular branches after piercing the cap- 
sule of the joint enter the neck of the femur 
through multiple foramina located on the 
posterior superior surface of the neck. Thus 
in the femoral neck an anastomosis is es- 
tablished between the capsular branches 
and branches of the nutrient artery. Ac- 
cording to Logrédscino® the branches of the 
nutrient artery are end arteries until a 
child reaches the age of eight, and anasto- 
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mosis takes place after this period. In our 
series the greatest incidence of acute sup- 
purative arthritis increases appreciably in 
children past the eighth year. In 40 children 
all under fifteen years, acute suppurative 
arthritis is reported in 13 cases in children 
under nine years and 27 cases in children 
over nine years. The ninth year was chosen 
as an arbritary year because none of these 
children was found to be in that age group. 

Most of the lymphatic drainage of the 
hip is to a chain of lymph nodes located 
about the external iliac artery, except the 
posterior portion of the hip which drains 
to glands about the hypogastric artery. 
Inguinal, femoral and Cloquet’s glands also 
have efferent vessels to the external iliac 
nodes. The external iliac and hypogastric 
nodes drain into a common group of glands 
situated about the common iliac artery 
and are presacral in location. The external 
iliac nodes are retroperitoneal and lie im- 
mediately above the fascia of the iliopsoas 
muscle. Thus suppuration and abscess for- 
mation in any of these variously located 
glands, burrowing along fascial planes, 
may explain the confusing clinical mani- 
festations often encountered in these cases. 
Freiberg and Perlman’ recently reported 
several cases of acute suppurative arthritis 
with either a pelvic or abdominal abscess 
which were operated upon as cases of ap- 
pendiceal abscesses. These authors stress 
the importance of the lymph drainage of 
the hip and describe it in detail to illustrate 
the various clinical pictures that a case of 
septic hip may present. 

2. Types of Acute Suppurative Arthritis. 
Phemister has classified acute suppurative 
arthritis of the hip into the primary and 
secondary type depending on which tissues 
of the hip are involved. In the primary type 
the infection attacks the synovial or peri- 
synovial structures, whereas in the second- 
ary type the infection is primarily intra- 
osseous in location, and, due to spread or 
extension of the bone infection, the joint 
is secondarily affected. There are several 
points of difference between the two types. 
The primary type is in most instances due 
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to a streptococcal infection, the disease 
usually subsides within five weeks, and the 
affected hip in many cases regains its nor- 
mal range of motion resulting in very little 
if any deformity of the hip. On the other 
hand, the secondary type is usually caused 
by staphylococcal infection, runs a long 
drawn out course, draining sinuses taking 
many months or years to heal, range of mo- 
tion is in most cases markedly impaired, 
ankylosis and deformities of the hip result 
in the majority of cases. In our series of 40 
cases, § cases, or 12 per cent, are of the pri- 
mary type, and 37 cases, or 64 per cent, are 
of the secondary type. Although these per- 
centages are not an accurate indication of 
the frequency with which the two types oc- 
cur, we do know that the primary type is 
more common in very young children, and 
the secondary type more common in the 
older child. Since the incidence of septic hip 
is greater in the older child it follows that 
there are more cases of the secondary type. 

3. Bacterial Characteristics of the Infec- 
tion. The predominant organisms found to 
be responsible for acute suppurative arthri- 
tis of the hip are the staphylococcus and 
streptococcus. Although other pyogenic 
organisms are occasionally found, the above 
fact has been substantiated by aspiration 
smears and blood cultures. Another well 
known fact is that pre-existing infections 
in other parts of the body such as osteo- 
myelitis, pneumonia, otitis media, ery- 
sipelas, and furuncles are predisposing 
factors to hip infections. Another predis- 
posing factor is injury to the hip. As pre- 
viously mentioned, the streptococcus usu- 
ally attacks the synovial or perisynovial 
tissue and produces a primary type of 
arthritis. The staphylococcus primarily in- 
fects the bone and by spread or extension 
into the joint produces the secondary type. 
Slowick in his 60 cases listed 23 cases as of 
the primary type and the streptococcus 
was isolated in each instance. In the 5 cases 
of primary type of arthritis reported herein, 
there is 1 case due to streptococcus, I case 
to pneumococcus, and 1 case to a mixed 
infection in which a gram-positive diplo- 


VoL. 51, No. 4 


coccus and bacillus was isolated. In the re- 
maining 2 cases aspiration smears and 
blood cultures were reported as negative. 
In the secondary type, of which there were 
35 cases, the staphylococcus was isolated 
in 12 cases, a mixed infection of streptococ- 
cus and staphylococcus in 1 case, and a 
gram-positive bacillus in 1 case. In 1 case 
the aspiration smear and blood culture were 
reported negative, and in the remaining 
cases no bacterial studies were done be- 
cause incision and drainage of the hip had 
been performed before the patient was 
transferred to our hospital. 

In the entire series of 40 cases there was 
1 death and that occurred in a child seven 
months old. This patient was admitted 
because of an acute suppurative otitis 
media and later developed infection of the 
hip joint. On aspiration and blood culture 
the pneumococcus was isolated, and several 
days later when meningitis developed the 
same organism was cultured from the cere- 
brospinal fluid. Death occurred on the 
twenty-third day of observation. 

4. Roentgenological Aspects. Much of our 
present knowledge of the various infections 
of the hip can be directly accredited to the 
roentgenographic examinations and stud- 
ies. Roentgenograms are invaluable in de- 
tecting the presence of the disease, in fol- 
lowing the different phases it goes through, 
and in evaluating the end-results. However, 
it has not by any means solved all of our 
problems in making a differential diagno- 
sis. Even today many clinical and labora- 
tory findings such as blood counts and cul- 
tures, aspiration smears, sedimentation 
rates, and tuberculin skin tests are most 


useful and are employed together with the 


roentgen findings in making a differential 
diagnosis. Phemister!® in 1924 was the first 
to demonstrate the tryptic action of non- 
tuberculous exudate, and that the tryptic 
action was responsible for the early destruc- 
tion of articular cartilage, especially car- 
tilage of adjoining surfaces. This early 
pathology can be detected on roentgeno- 
grams by a narrowing of the joint space as 
early as five to ten days after onset of the 
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disease. Chont' in a recent article describes 
another early roentgen finding in children 
under two years of age: a lateral and up- 
ward subluxation of the femoral head. We 
would like to point out, however, that this 
subluxation differs from the findings en- 
countered in congenital dislocation, by the 
associated soft tissue swelling of the pelvic 
girdle and a ground glass appearance of the 
bone, which is usually of normal and uni- 
form density in congenital dislocation. In 
very early cases of hip infection the epiphy- 
ses of the femoral heads are equally well 
developed but differ in density as seen on 
roentgenograms. In congenital dislocations 
the femoral epiphysis of the affected side 
may be absent or is frequently found to be 
smaller in size. Intra-osseous lesions may 
not be found or identified on roentgeno- 
grams taken ten to fifteen days after onset. 
After this initial period during which roent- 
gen findings may be reported as being 
negative, other roentgenograms taken a few 
days later will show the bone infection and 
its location. One can anticipate the spread 
of the infection into the joint in most cases. 
In these 40 cases the first roentgenogram 
was reported as being negative in 6 cases, 
whereas a roentgenogram taken one to two 
weeks later clearly demonstrated the patho- 
logic changes in the hip. Spread of the infec- 
tion to other bones of the hip, complications 
such as pathological dislocation and se- 
questration and absorption of the femoral 
head can easily be identified in follow-up 
roentgenograms taken at suitable intervals. 
Pathological dislocation which is attributed 
to rupture of the inferior medial portion 
of the capsule may occur as early as the 
first week after onset of the disease. Se- 
questration of the femoral head and later 
absorption is a frequent finding. Phemister 
believes that this is due to rupture of the 
ligamentum teres thus impairing the circu- 
lation to the femoral head. Nicholson® in 
his 113 cases reported that pathological 
dislocation took place in 34 cases and 
femoral sequestration in 43 cases. In our 
series of 40 cases there were 9 cases of 
pathological dislocation and 6 cases of se- 
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Fic. 1. Case 1. Early case of a primary type of sup- 
purative arthritis in a child sixteen months old, 
demonstrating the upward and lateral displace- 
ment of the right femoral head. Lower roentgeno- 
gram shows reduction of the subluxation. (Court- 


esy of Dr. Chont.) 


questration of the femoral head. In 2 cases 
both conditions were reported. The seques- 
trated head in most instances is either ab- 
sorbed or extruded through a draining 
sinus. Whenever one of these complica- 
tions occurs one can safely prognosticate a 
poor end-result, usually a hip with mark- 
edly limited motion or even ankylosis. All 
authors agree that early diagnosis, drainage 
and immobilization is the treatment of 
choice and best also for prevention of the 
above mentioned complications. Whether 
these complications will be prevented by 
the recent introduction of the sulfonamides 
as an important agent in the therapeutic 
armamentarium of suppurative arthritis 
will depend on observations made on large 
material over a sufficient length of time. At 
present the benefit from the use of these 
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drugs in the early stages seems to be well 
established. 

Finally we see the end-results in these 
cases. In the primary type the chances of 
obtaining a nearly normal hip with fairly 
good motion are better than in the second- 
ary type, but even in this type poor results 
are sometimes encountered. 

Caldwell in his report of 17 cases had 6 
cases of the primary type. One of these pa- 
tients died but in the remaining 5 the hip 
motion was recorded as being good or nor- 
mal after the infection had subsided. In this 
series of 40 cases good or normal hip motion 
is reported in 7 cases which includes 3 
cases of the primary type and 4 cases of the 
secondary type. 


Primary Type—Arthritis 


Case 1 (No. 100-599). This patient, a white 
baby, aged sixteen months, was brought to 
Crippled Children’s Hospital because of a high 
fever and refusal to move his right leg. The 
parents stated that five days prior to admission 
the child refused to stand on his feet or walk 
and that he became feverish. Examination re- 
vealed that the area around the right hip was 
reddish and swollen and markedly tender. The 
right hip was held in flexion and any movement 
caused the child considerable pain. Tempera- 
ture was recorded as 104° F.; leukocyte count 
23,000. A diagnosis of acute suppurative ar- 
thritis of the hip was made on admission on 
March 2, 1939. 

A roentgenogram taken on the same day 
showed a widening of the joint space of the 
right hip with upward and lateral displacement 
of the femoral epiphysis. On the day following 


TABLE II 
END-RESULTS IN ACUTE SUPPURATIVE 
ARTHRITIS OF THE HIP 


Hip Motion Recorded As: 


Good Poor 
or or 
Nor- Anky- 
mal losis 


Badgley, et al. 


113 cases 7 23 83 
Caldwell* 8 


17 cases 5 4 
Slowick" 60 cases I! 20 30 
Our series 40 cases 7 7 23 
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admission a posterior arthrotomy was _ per- 
formed and on entering the hip joint about 13 
oz. of pus was obtained. Smears and cultures of 
this exudate were reported as showing a gram- 
positive diplococcus and bacillus. 

The patient’s pelvis and lower extremities 
were immobilized in a Bradford frame and 
sulfanilamide therapy instituted for twelve 
days. 

The patient was discharged on April 13, 1939, 
in an abduction traction splint and a notation 


Fic. 2. Case 11. Secondary type of suppurative ar- 
thritis in a boy eleven years old. The intra-osseous 
infection has spread from the acetabulum to the 
ilium and neck of the femur. There is surrounding 
soft tissue shadow and pathological dislocation of 

the left femoral head. 


indicated that the hip had normal usage of mo- 
tion, free of pain. 

Follow-up roentgenograms taken at inter- 
vals of several months, however, revealed a sub- 
luxation of the femoral head, and several at- 
tempts at manipulative reduction were made. 
When last seen on April 21, 1941, the child had 
normal range of motion of the right hip but the 
right femoral head remained subluxated causing 
> in. shortening of the right leg. 


Secondary Type—Arthritis 


Case 11 (No. 102-872). A white boy, aged 
eleven, was admitted to the Crippled Chil- 
dren’s Hospital on August 27, 1939, because of 
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Fic. 3. Case u. Roentgenogram taken five months 
later showing sequestration and partial absorption 
of the left femoral head. Several sequestra are seen 

in the wing of the ilium. 


severe pain and swelling of the left hip; the 
patient appeared to be very toxic and had a 
high fever. Ten days prior to admission the 
left hip began to hurt, and at that time the boy 
had two furuncles on the outer aspect of the 
hip, but he was taken to the local doctor to 


Fic. 4. Case 1. Roentgenogram taken two years later 
showing complete absorption of the left femoral 
head, partial regeneration of the wing of the ilium 
following sequestrectomy and ankylosis of the left 
hip joint. 
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Fic. 5. Another case of secondary type of suppura- 
tive arthritis, bilateral, in a girl eleven years old, 
demonstrating narrowing of the joint spaces, 
sequestration of the left femoral head and subluxa- 
tion of the neck of the femur. The right hip shows 
pathological dislocation. 


have a dislocated shoulder reduced. The pain 
in the hip was attributed to a kick another boy 
had administered over that area. Five days be- 
fore admission a fever developed and the boy 
became very toxic. On admission the left hip 
was held in marked flexion, the surrounding 
area was swollen, tender and reddish. The boy 
was irrational and had a marked elevation of 
temperature. 

A diagnosis of acute suppurative arthritis 
was made. Aspiration of peri-articular tissues 
was negative but when the needle entered the 
joint space considerable purulent exudate was 
obtained. Aspiration smear and culture were 
both reported as showing Staphylococcus albus 
as the causative organism. A roentgenogram of 
the pelvis taken on admission showed no evi- 
dence of bone or joint pathologic changes of 
either hip. 

On the day after admission supportive meas- 
ures were instituted, the left hip was drained 
through a posterior arthrotomy and chemo- 
therapy instituted. The lower extremities and 
pelvis were immobilized. At intervals sulfapyri- 
dine was discontinued because of renal irrita- 
tion. 

The next roentgenographic examination re- 
vealed an osteomyelitis of the acetabulum which 
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later spread to involve the lower two-thirds of 
the left ilium. Somewhat later subluxation of 
the femoral head occurred which eventually 
sequestrated. 

This patient has been admitted on several 
other occasions for the past three years, for 
manipulations of the left hip—removal of sev- 
eral sequestra in the ilium, and for acute ex- 
acerbations of his infectious process in the left 
hip. When last examined on October 5, 1942, 
he still had several draining sinuses, and com- 
plete ankylosis of the left hip. The boy had 
spent most of his time since his hip infection in 
bed and in double hip spica casts. 


COMMENT 


Acute suppurative arthritis of the hip is 
a relatively frequent disease of childhood 
and early adolescence. It occurs in both 
sexes with equal frequency. In this series 
of 40 cases there were 22 males and 18 fe- 
males. Age, on the other hand, is an impor- 
tant factor in that the largest number of 
cases were found to occur in children ten to 
fourteen years old. In this age group of pa- 
tients there were 27 cases, whereas in chil- 
dren under that age there were 13 cases. 
Although it was not the main purpose of 
this report to study any racial difference 
we have only 2 cases occurring in colored 


Fic. 6. Same case as Figure 5. End-result shows com- 
plete bony ankylosis of both hips. 
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children. In looking over the hospital rec- 
ords in a total of 142 cases of acute sup- 
purative arthritis of the hip, there were 
only 12 cases reported as occurring in the 
Negro. In view of Lewis’? observations re- 
garding racial differences as an important 
factor determining resistance to infections, 
it may be of interest to note the relatively 
small incidence of suppurative arthritis in 
colored patients in our series. Lewis states 
that an outstanding feature of Negroes as 
surgical patients is their resistance to in- 
fections, especially to suppurative cocci to- 
wards which they seem to have a high 
degree of immunity. This relative immun- 
ity is also a part of their resistance to scar- 
let fever, erysipelas, measles, and certain 
skin diseases. It is difficult to show any 
definite conclusions on this point from our 
series of cases, because our colored wards 
have much fewer beds than our wards for 
white children. 

In the primary type of suppurative ar- 
thritis of the hip affecting chiefly the syno- 
vial or perisynovial tissues, and destroying 
the articular cartilage, the infectious proc- 
ess in most instances can be arrested before 
any bony involvement develops. This, how- 
ever, depends on the virulence of the patho- 
genic organism. If the infection can be 
brought under control within a short period 
of time, causing little or no bone destruc- 
tion, the hip joint will regain its normal 
range of motion. The primary type is found 
in very young children under two years of 
age. 

An osteomyelitis of any of the bones of 
the pelvic girdle with extension into the 
hip joint is responsible for the secondary 
type of arthritis, which is by far the more 
frequent type. The hip joint differs in this 
respect from the other joints of the extremi- 
ties in that the epiphyseal line in these 
other joints usually limits the infection 
before extension into the joint occurs. It 
may well be that the anatomical character- 
istics of the vascular supply and lymph 
drainage of the hip are responsible for this 
difference in reaction to an infection. It has 
been previously stated that the branches of 
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Taste III 


ANALYSIS OF 40 CASES OF ACUTE SUPPURATIVE 
ARTHRITIS OF THE HIP IN CHILDREN UNDER 
FIFTEEN YEARS OF AGE 


Ace: Up to g years, 13 cases; from 10 to 1§ years, 
27 cases 

Sex: Males 22; females 18 

Race: White 38; colored 2 


Pre-Disposinc Facror: 18 cases: hip infection was 
preceded by pre-existing infection in some other 
part of the body; history of injury in 7 cases 


Types: A. Primary type § cases, or 12% 
B. Secondary type 35 cases, or 88% 
with single intra-osseous lesion of the hip 25 cases 
located in femoral neck 14; ilium 8, ischium 2, 
pubis 1 with multiple intra-osseous lesions 10 cases 


PATHOGENIC ORGANISM: in 29 cases with fairly recent 
onset 
pneumococcus 
streptococcus 
1 gram-positive diplococcus 
| and bacillus 
12 staphylococcus 
1 staphylococcus and strep- 
tococcus 
B. Secondary type { 1 gram-positive bacillus 
4 aspiration smear re- 
ported negative 
9 cases no report 


A. Primary type 


Comp ications: 1. Pathological dislocation, 9 cases 
2. Femoral head sequestration, 6 
cases 
Both complications in 2 cases 


Enp-REsuLTSs: 40 cases: 2 recent cases: 1 death: 


total 37 hips 
Good or normal motion 7 cases 
Fair or 50% motion 7 cases 


Poor motion or ankylosis 23 cases 
Average follow-up period in 37 cases 3.1 years 


the nutrient arteries supplying the femoral 
neck are in early life end arteries in the 
sense of Cohnheim; only later is anastomo- 
sis established. This undoubtedly must be 
of great significance in the presence of a 
pyogenic embolus in cases of blood borne 
infections. In the secondary type the ar- 
ticular cartilage is completely destroyed, 
and the subcartilaginous bone eroded. This 
process invariably affects the adjoining 
bones so that multiple bony involvement 
occurs, and is responsible for the impaired 
motion of the affected hip, or ankylosis. 
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CONCLUSIONS 


1. The highest incidence of acute sup- 
purative arthritis of the hip in children 
under fifteen years of age was found in 
children between the ages of ten to fourteen 
years. 

2. The primary type of arthritis occurs 
mostly in children under two years of age; 
above that age the secondary type is by 
far the more common. 

3. In the secondary type of arthritis the 
most frequent site of the intra-osseous lesion 
is in the femoral neck, and in the ilium, 
ischium and pubis in the order mentioned. 

4. The great majority of these hips 
which have recovered from an infectious 
process show marked impairment of motion 
or ankylosis. 

I wish to thank Dr. A. J. Ackermann for his help 
and advice in preparing this paper. 
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I. FRACTURES OF THE RADIAL AND ULNAR 
AXES: A UNIFYING CONCEPT 


HE mechanism of force, creating a 

fracture of hand, wrist or forearm, was 
studied by the clinical history and by 
roentgenography. The clinical history was 
frequently incomplete or vague regarding 
type of trauma; the roentgenogram, how- 
ever, usually indicated the effect of a 
trauma to the skeleton. The form of frac- 
ture revealed in the roentgenogram is a 
good clue to the direction of force which 
made such fracture. 

Trauma is direct or indirect. Direct 
trauma is self-explanatory. In indirect 
trauma, a force applied distally flows prox- 
imally until the flow of force is dissipated 
by a break of bone. A reverse or distally 
directed flow does not ordinarily take place, 
since a direct force applied to the lower 
arm, or bent elbow, will usually expend it- 
self there. 

This indirect or fleeing trauma with 
proximal centrifugality behaves in a charac- 
istic manner, its flow being transmitted 
along two axes, which we call the radial axis 
and the ulnar axis, respectively. The radial 
axis, in distal to proximal order, includes the 
first three metacarpal bones, the greater 
and lesser multangular bones,7 the os mag- 
num, the scaphoid, the semilunar, and the 
radius. The ulnar axis includes the fourth 
and fifth metacarpal bones, the hamate, 
cuneiform and pisiform bones, and the ulna. 


The accompanying diagram shows the con- 
stituent elements of each axis (Fig. 1). 


Fic. 1. Diagrammatic sketch showing the proximal 
transmission of distally applied forces, and the 
radial and ulnar axes along which these forces 
flow. 


+ Where more than one name exists for a carpal bone, use has 
been made of the more popular. The name starred in the tabula- 
ted nomenclature for the carpal bones is used in the text. 

*scaphoid navicular 
trapezium *greater multangular 
trapezoid *lesser multangular 
*semilunar lunate 
*cuneiform (triquetrum) triangular 
*os magnum capitate 
*pisiform pisiform 
unciform *hamate 


* From the Hospital for Joint Diseases, Department of Roentgenology, Dr. Maurice Pomeranz, Director, and the Orthopedic 
Service of Dr. Harry D. Sonnenschein; and the New York Dispensary. 
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The wrist joint is part of a living dynamic 
organism and is not a fixed immovable 
object. Thus, in one set of circumstances, 
the lines of force may follow the main 
course indicated on the diagram; at another 
time, they may take a variant course in the 
radial axis. There are, of course, modifica- 


Fic. 2. A distinction is made in this figure of those 
forces which flow proximally along the most radial 
part of the radial axis (that is, along the axis of the 
first metacarpal bone) and the ulnar part of the 
radial axis. The operative area of carpal traumata 
is boxed out by the large parallelogram, but it is 
within the radial parallelogram that most of the 
carpal traumata take place. The cuneiform bone, 
and semilunar too, it is seen, occupy an intermedi- 
ate position in part, so that they are not affected 
by the full force of trauma applied to either axis. 


tions of the main stream of force—lateral, 
torsional, etc. The possible variations of 
flow of force along the ulnar axis are much 
less than those along the radial axis. The 
disabilities of the radial axis are conse- 
quently much more numerous and impor- 
tant than the disabilities of the ulnar axis. 

This axial concept becomes useful for it 
transcends the individual fracture and joins 
these various fractures into a whole. 

Axial trauma expends itself at the site of 
fracture, a break occurring at a point 
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in bone where the proximally radiating 
trauma exceeds bony trabecular and corti- 
cal strength. The form of fracture which 
results depends on (1) the strength of orig- 
inal trauma, (2) its duration, (3) its direc- 
tion and modification of its direction, (4) 
the cushioning elasticity or “give” in the 
joints through which the force is trans- 
mitted, (5) the architecture of the bone, 
and (6) the sudden expenditure of force by 
break of bone at a point in bone less resist- 
ant than the force. 

The most direct line for transmission of 
force of indirect trauma along the radial 
axis is in a direction parallel to the long 
axis of the second and third metcarpal 
bones. The diagram (Fig. 2) illustrates the 
operative area of carpal traumata. The en- 
tire force of trauma is borne by the paral- 
lelogram in which os magnum, scaphoid and 
lesser multangular lie. Only a portion of the: 
greater multangular and semilunar bones 
lie in the direct projection of the lines of 
force. The greater multangular enjoys spe- 
cial consideration, for it is in direct line 
with the long axis of the first metacarpal 
bone. Fracture or dislocation of the lesser 
multangular is extremely rare, for this bone 
is well protected. The semilunar is in a 
most favorable position since it is unaf- 
fected by the full strength of any force 
which flows along either the radial or ulnar 
axis. This may explain the rarity of semi- 
lunar fractures and the greater relative in- 
cidence of rotational dislocation of this 
bone. 

Transmission of force along the radial 
part of the radial axis may give rise in suc- 
ceeding order to a Bennett fracture,* radial 
dislocation of the base of the first meta- 
carpal, fracture or rotation of the greater 
multangular or both, fracture or sometimes 
rotation of the scaphoid, fracture of the 
lower end of the radius, and with more 
proximal transmission, especially with the 
elbow extended, to disability of elbow or 
shoulder. When the force is transmitted 


* An axial injury to the distal part of the proximal phalanx of 
the bent thumb, as in boxing, may cause acute or chronic strain 
of its metacarpophalangeal joint, the force of the blow expending 
itself at this joint. 
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along the u/nar part of the radial axis, these 
disabilities may arise in succeeding order— 
fracture of the base of a metacarpal, de- 
layed painful dorsal bony prominence of a 
metacarpal base, injury of the base of the 
os magnum, fracture of the neck of the os 
magnum or dorsal dislocation of its caput, 
wedge action of the os magnum with re- 
sultant mid-carpal dislocation or disloca- 
tion of the semilunar, and fracture of the 
lower end of the radius. Fracture of the 
semilunar is not common, but we have ob- 
served at least two instances of it. 

It is not possible to predict accurately 
the type of injury which may follow axial 
trauma. Response to such trauma is very 
different in children than in adults. The 
tendency in both is for the proximal trans- 
mission of ‘trauma along the radial axis 
since the bearing surface which receives the 
trauma is usually the ball of the hand. In 
children, both bones of the forearm or the 
radius alone is usually broken, the usual 
site of fracture being at the junction of the 
lower and middle thirds of the forearm. 
Epiphyseal dislocation of the lower radial 
epiphysis is the child’s equivalent of the 
Colles fracture. Fracture of the ulna is quite 
uncommon as is fracture of the carpus. The 


Fic. 3, 4-N. The roentgenography of the normal wrist. Various views of the wrist were taken, and these 
roentgenograms are added for a clearer understanding of the text. 
A, anteroposterior view; B, posteroanterior view; C, posteroanterior view in radial abduction; D, 


posteroanterior view in ulnar adduction. 
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axial injury may cause fracture of the head 
of the radius, the more distal parts being 
undamaged. 

In the adult, the typical injury is the 
Colles fracture, since the fracture, which is 
a fracture through a waist of bone, occurs 
at a point where the expanded radius nar- 
rows. Carpal injuries, especially of the 
scaphoid, are not uncommon. Injuries of 
the proximal carpal bones are much more 
frequent than injuries of the distal carpal 
row, since the proximal carpal bones are 
squeezed as in a vise by the axial trauma. 
There is sometimes association of fracture 
of various parts of the radial axis, the most 
common being the association of Colles 
fracture and fracture of the scaphoid. 

Fractures of the ulnar axis are less com- 
mon. Fractures of the hamate, cuneiform, 
or pisiform bones are simple fractures, as 
a rule, whose causative trauma is usually 
direct rather than indirect. They are sel- 
dom associated with radial axis injuries. 
The cushion of the discus articularis most 
probably protects the ulna against fracture 
by indirect trauma but such fracture may 
result from a fall on the ulnarly directed 
hand. The lower end of the ulna may be 
fractured by direct trauma to the palmarly 
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Fic. 3. E, posteroanterior view in dorsiflexion; F', anteroposterior view in palmar flexion; G, lateral view— 
radio-ulnar; H, lateral view—ulnar-radial. 


flexed wrist. Fracture of the ulnar styloid Oblique traumata to the wrist and acute 


occurs not uncommonly in association with rotational traumata are uncommon. Occu- 
Colles fracture and seldom as an entity in pational rotational traumata may cause 
itself. chronic disability of the wrist. 


Fic. 3. J, lateral view in palmar flexion; ¥, lateral view in dorsiflexion; K, lateral view in dorsiflexion and 
radial abduction; Z, lateral view in volar flexion and ulnar adduction. 
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Il. THE ROENTGENOGRAPHIC INTERPRETA- 
TION OF THE NORMAL WRIST 


Interpretation of the normal wrist is 
ordinarily difficult because of the irregu- 
larity and overlapping of the eight carpal 
bones. The posteroanterior view is usually 
easily read but the oblique and lateral 
views offer difficulty (Fig. 3). 

The study of the wrist in palmar flexion 
and dorsiflexion informs us about carpal 
bone rotations. /n dorsiflexion of the wrist 
(to which is always added some radial ab- 
duction by reason of obliquity of the scaph- 
oid) the scaphoid is elongated in the lat- 
eral view so that it is placed in the line of 
the long axis of the forearm. The proximal 
end of the bone shifts volarly and the distal 
end dorsally, increasing its obliquity. The 
semilunar rotates dorsally. The greater 
multangular is distorted. The posteroan- 
terior view in dorsiflexion shows the scaph- 
oid to be more in the line of the axis of the 
forearm. The joint space between scaphoid 
and semilunar is increased, and the head of 
the os magnum seems to approach the artic- 
ular surface of the radius. The metacarpal 
bases overlie the distal carpal bones. 


Fractures of the Radial and Ulnar Axes 


Fic. 3M. Oblique ulnar-radial views of the wrist 
joint of another person. This view shows the pisi- 
form and its articulation with the cuneiform 
very clearly. 


Palmar flexion is carried out in some de- 
gree of ulnar adduction because of obliq- 
uity of the scaphoid. In the /ateral view in 
palmar flexion, it is seen that the scaphoid 


Fic. 3N. Carpal canal views of the same patient as in Figure 3M. This shows the pisiform, the hook of the 
hamate, the tuberosity of the scaphoid, the greater multangular, particularly its ridge, and the bony 


floor of the canal. 
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is rotated anteriorly, so that it lies dorso- 
volarly. The semilunar rotates anteriorly 
at the same time. The greater multangular is 
well visualized and the articular line be- 
tween it and the base of the first metacarpal 
is a little oblique to the longitudinal axis of 
the forearm. The anteroposterior view in 
palmar flexion shows enlargement with dis- 
tortion of the greater multangular and 
other distal carpal bones. The articular 
line of the greater multangular is placed 
radially in line with the forearm. The 
scaphoid is foreshortened, its body over- 
lapped by the tuberosity. 

Dorsovolar movement of the wrist oc- 
curs about an axis which is slightly oblique. 
To simplify matters, the wrist, as any other 
joint, may be thought to have three princi- 
pal axes: a transverse or radio-ulnar axis, 
a vertical or dorsovolar axis, and a /ongitu- 
dinal axis, that which is parallel to the long 
axis of the forearm. Only the first two of 
these axes can be important, since there is 
little motion about the longitudinal axis. 
Dorsovolar motion of the wrist takes place 
about a transverse axis, while side to side 
movement is about a vertical axis. In dorso- 
volar motion, movement takes place pre- 
dominantly about the transverse axis to 
which movement about the vertical axis is 
added by reason of scaphoid obliquity. 

It must be understood that each carpal 
bone behaves not as an individual in these 
various movements of the wrist, but moves in 
integrated manner with the other carpal bones. 
This is quite necessary for normal wrist 
function. This rotation or change in posi- 
tion of each carpal bone, integrated as it is, 
is a rotation in parallel or parallel rotation. 
This is illustrated by the parallel move- 
ments of the scaphoid and semilunar bones 
in palmar flexion and dorsiflexion. As the 
wrist flexes palmarly, the scaphoid rotates 
anteriorly about its transverse axis, be- 
coming dorsovolarly placed, while the 
semilunar rotates anteriorly on a similar 
axis. In dorsiflexion, both bones rotate in 
opposite direction. The other carpal bones 
follow in similar parallel movement. 

Normally there is and can be no dissocia- 
tion of physiological parallel rotation. The 
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limits of physiological parallel rotation are 
the limits of motion of the wrist. If such 
parallel rotation exceeds in degree the xor- 
mal range of rotation for a given position 
of the wrist, then a pathological parallel ro- 
tation must exist. 


III. ROTATION OF THE CARPAL BONES 


It is necessary to study the movements 
of the carpal bones in the normal wrist and 
to create experimentally abnormal rota- 
tions in the carpal skeleton in order to know 
and understand clinical abnormal rotations 
of the carpal bones. The situation is simpli- 
fied by the fact that it is the rotational 
movement of only three carpal bones which 
matters—that of the scaphoid, the semi- 
lunar, and the greater multangular. The 
scaphoid-semilunar unit is the more impor- 
tant. 

It is easier to imagine rotational move- 
ment of a carpal bone if the axes of motion 
are made to apply to a particular bone and 
not to the wrist as a whole. These axes are 
similar to those of the wrist except that the 
longitudinal axes of the scaphoid and of 
the greater multangular are oblique to the 
longitudinal axis of the wrist. 

Abnormal rotation of a carpal bone may 
or may not exceed its limit of physiological 
rotation. It is more likely that pathological 
rotation of one or more carpal bones will 
be seen rather than whole carpal move- 
ments as in the normal wrist. 


A. Experimental Rotation of the Carpal 
Bones (Fig. 4 and 5). 


1. Rotation of the Scaphoid. 


When the scaphoid rotates about its 
transverse axis, the bone moves dorsally and 
volarly, the direction of rotation being 
reckoned by the position of the tuberosity. 
In the posteroanterior view, the tuberosity 
overlaps the body, with change in the artic- 
ular relationship between scaphoid and 
radius. In the lateral radio-ulnar view, the 
obliquity of the scaphoid is lost. The bone 
is placed more dorsovolarly, and is not 
foreshortened. The tuberosity is anterior in 
the more probable anterior rotation of the 
scaphoid. The intermediate dorsally ro- 
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tated scaphoid is in a line with the forearm, 
and its roentgenographic appearance is 
much like that of the scaphoid ulnarly ro- 
tated about its vertical axis. Rotation of 
the scaphoid about its vertical axis carries 
it ulnarly or radially. In the posteroante- 
rior view, the scaphoid is placed in the line 
of the forearm when it rotates ulnarly, and 
it approaches the radial styloid in radial 
rotation, lying radio-ulnarly. In the lateral 
view, the obliquity of the bone is increased 
on ulnar rotation, so that it lies in a line 
with the forearm, while it is dorsovolarly 
placed: but foreshortened in radial rotation. 
In radial rotation, there is also widening of 
the joint space between the scaphoid and 
greater multangular. 

It is more difficult to determine rotation 
about the /ongitudinal axis of the scaphoid, 
but it is certain that obliquity of the bone 
is not changed. Larger degrees of such rota- 
tion show change in articular relationship 
between radius and scaphoid. 

Complex rotation is more probable than 
simple rotation, rotation about the trans- 
verse and vertical axes, or all axes being 
combined. Rotation may, however, be pre- 
dominantly about one axis. 

A dorsovolar position of the scaphoid is 
noted in the lateral view both in anterior 
rotation about the transverse axis and in 
radial rotation about the vertical axis. In 
rotation about the transverse axis, the bone 
is seen in full length, while in radial rotation 
about the vertical axis, the tuberosity of 
the scaphoid points radially, and hence, 
the bone seems foreshortened. 


2. Rotation of the Semilunar Bone. 


The direction of rotation of the semilunar 
bone is reckoned by the position of its con- 
cavity. 

The semilunar bone rotates radially and 
ulnarly on its vertical axis.* More of the 
scaphoid facet is seen on radial rotation in 


* Rotation of the scaphoid and semilunar about their vertical 
axes should duplicate more or less the position of each bone in 
norma! radial abduction or ulnar adduction. There is seeming 
difference in the roentgenographic appearance of these bones in 
normal lateral movement and in pathological rotation, but this is 
due to their greater movement in the latter rotation either ex- 
perimentally or clinically seen. 

The same conception holds true for the position of these 
bones after rotation about their other axes. 
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the posteroanterior view, while in the lat- 
eral view the semilunar bone becomes nar- 
rowed. It rotates dorsally and volarly on 
its fransverse axis, so that a varying degree 
of its radial articular surface is seen in the 
posteroanterior view. It is possible to de- 
termine posterior rotation of the semilunar 
in the posteroanterior view, whereas the 
determination of anterior rotation in this 
view is a little more difficult. In anterior 
rotation exceeding 90°, the body of the 
bone overlaps the concavity, so that the 
latter is poorly represented. Posterior rota- 
tion seldom exceeds go° so that the con- 
cavity may be dissociated from the radial 
articular surface. The lateral view shows 
this rotation well. Rotation, with anterior 
dislocation of this bone, occurs predomi- 
nantly about the transverse axis, to which 
may secondarily be added rotation about 
other axes. The semilunar rotates radially 
and ulnarly in a vertical plane on its /ongi- 
tudinal axis. When it rotates radially, the 
scaphoid facet faces more proximally. 


3. Rotation of the Greater Multangular. 


The greater multangular is obliquely 
placed, its long axis running from superior 
and radial to inferior and ulnar. When it 
rotates about its transverse axis, it moves 
dorsovolarly, its obliquity being lost. On its 
vertical axis, it rotates radially and ulnarly, 
again with loss of its obliquity. It preserves 
this obliquity when it rotates on its own 
long axis. 

Change of position of its articulating 
face with the first metacarpal bone helps to 
indicate direction of rotation. 

To all carpal bone rotations, a variable 
translation may be added, a movement of 
the rotated bone more likely with severe 
trauma. 


B. Abnormal Parallel and Gear Motions 
of the Carpal Bones. Experimental and 
Theoretical Considerations. 


The definition of parallel rotation indi- 
cates that abnormal parallel rotation must 
follow the pathway of physiological parallel 
rotation. Such parallel rotation is abnormal 
when it is found in a position of the wrist 
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Fic. 4, 4-G. Experimental roentgen anatomic representation 
of various carpal bone rotations. The bones of the disarticu- 
lated skeleton were held by adhesive strips. The usual 
posteroanterior and radio-ulnar views were taken. 

A, rotation of the scaphoid about its transverse axis, with 
its tuberosity dorsal. 

B, the usual rotary motion of the scaphoid is either about its 
vertical or transverse axis. Here, the scaphoid is rotated an- 
teriorly about its transverse axis, the tuberosity being anterior. 

C, rotation of the scaphoid about its vertical axis, the 
tuberosity being radially placed. In the lateral view, the bone 
is foreshortened dorsovolarly. 


D, ulnar rotation of the scaphoid on its vertical axis. 


E, parallel rotation of scaphoid and semilunar bones, the tuberosity of the scaphoid being directed 
anteriorly by rotation of the bone on its transverse axis. The semilunar bone rotates so that its radial 
articulating surface faces more posteriorly and its concavity anteriorly. 


F, anterior dorsovolar gear rotation between the semilunar and scaphoid bones, a movement which 

is the reverse of the parallel movement shown above. The semilunar bone rotates in a dorsovolar direction 

so that its concave surface faces more posteriorly. Rotation of both bones is again about a transverse axis, 


G, proximal radio-ulnar gear movement of the scaphoid and semilunar bones. Rotation of each bone is 
about a vertical axis, and the semilunar, sometimes narrowed in lateral view, is rotated ulnarly in the 


posteroanterior view. 
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Kic. 5, 4-H. Three dimensional representations of carpal bone rotations. In each drawing, the eye looks 


down upon the dorsal surface of the radius: 


A, parallel rotation of the scaphoid and semilunar bones. The tuberosity of the scaphoid is directed 
anteriorly, while the convexity of the semilunar is dorsally or posteriorly placed. 

B, proximal radio-ulnar gear movement of the scaphoid and semilunar. 

C, anterior rotation of the scaphoid about its transverse axis. 

D, radial rotation of the scaphoid about its vertical axis. 

é, anterior dorsovolar gear movement between the scaphoid and semilunar. 

F, posterior rotation of the semilunar bone about its transverse axis. The concavity of the semilunar 


bone faces posteriorly and the convexity anteriorly. 


G, ulnar rotation of the semilunar bone about its vertical axis. 
H, anterior rotation of the semilunar bone about its transverse axis. 


where it normally does not occur. Since 
abnormal parallel rotation follows a physio- 
logical pathway, it will take a lesser or 
minimal force to create it than it will to 
dissociate parallel motion in reverse parallel 
or gear movement. The loosely jointed wrist 
may show such abnormal parallel rotation 
more easily than a firmly jointed wrist. 

In abnormal parallel rotation of the scaph- 
oid and semilunar, the two bones rotate 
about similar axes in similar direction, 


while in gear movement these two bones (or 
any other two bones entering into such 
movement) rotate in opposite direction on 
similar axes. 

Gear rotation may take place anywhere 
in the carpus, but is more likely between 
two carpal bones which usually have a fair 
range of motion. 

There is one site in the carpus at which 
gear rctaticn cf one bone on another is 
probable—gear rotation between the scaphoid 
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Fic. 6. A roentgenogram of the arthritic wrist of a 
female, aged fifty-five, illustrating parallel rotation 
between the semilunar and scaphoid bones, the 
force creating this rotation being the gradual ad- 
vance of the head of the os magnum. The scaphoid 
is rotated radially about its vertical axis, and also 
on its longitudinal axis, while the semilunar is ro- 
tated ulnarly about its vertical axis. The tuber- 
osity of the scaphoid is made to approach the 
radial styloid by this rotation. The lateral view 
shows a foreshortened scaphoid placed dorsovo- 
larly. The semilunar is not rotated about its 
transverse axis. 


and the semilunar. Rarer gear rotations may 
be possible between the scaphoid and 
greater multangular bones and between 
the hamate and cuneiform bones. 

The term, gear rotation, is proper, since 
the movement of the bones on each other 
is as a movement of gears. 

In experimental parallel and gear motions 
of the scaphoid and greater multangular, the 
standard is the rotation of each bone about 
a transverse axis in normal palmar and 
dorsiflexion of the wrist. The combinations 
in parallel rotation are four. When both 
bones are rotated anteriorly about their 
transverse axes, the roentgenographic ap- 
pearance is like that of the normal wrist in 
palmar flexion. The greater multangular is 
elongate, pear shaped and distorted in the 
posteroanterior view and the articulating 
face with the first metacarpal is radial. The 
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scaphoid is overlapped by its tuberosity. 
In the lateral view, the parallelogram of 
the greater multangular is tilted more vo- 
larly, following the anteriorly placed tu- 
berosity of the scaphoid. Posterior rotation 
about the transverse axis of each bone 
simulates the position of each bone in dor- 
siflexion of the wrist. Parallel rotation 
about the vertical axis is also possible. 

The possible gear movements in the ana- 
tomical specimen are the gear movement in 
which the scaphoid is anteriorly rotated 
about its transverse axis, while the greater 
multangular rotates posteriorly about a 
similar axis, and its opposite; and the gear 
movement in which the scaphoid rotates 
ulnarly about its vertical axis, while the 
greater multangular rotates radially on a 
similar axis, and the opposite of this. The 
most possible of these gear movements is 
the one in which the greater multangular 
rotates volarly, and the scaphoid dorsally. 
Since dorsal rotation of the scaphoid is un- 
common, this gear rotation will be a most 
unusual one. 

Four parallel rotations of the scaphoid- 
semilunar unit are possible. These are paral- 
lel anterior or posterior rotation of both 
bones on a transverse axis and parallel 
radial or ulnar rotation on a vertical axis. It 
is quite possible that such parallel rotation 
may take place on two axes rather than 
one (Fig. 6). 

Four possible gear movements may be 
made to take place between the scaphoid and 
semilunar bones. Two are in a dorsovolar 
direction (anterior dorsovolar and distal or 
posterior dorsovolar gear movement), the 
movement of the tuberosity of the scaphoid 
predicating the terms anterior or posterior. 
Both bones rotate about their transverse 
axis in a reverse parallel movement, and 
therefore, a gear movement. In the anterior 
dorsovolar gear movement, the tuberosity 
of the scaphoid is directed anteriorly and 
the concavity of the semilunar faces poste- 
riorly. 

The other two gear motions are in a ra- 
dial and ulnar direction, the probable one 
being a proximal radio-ulnar gear motion, 
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the improbable being a distal radio-ulnar 
gear motion. The terms proximal and distal 
refer to the line of force. It has been pointed 
out that a distally directed force seems un- 
likely. In the proximal radio-ulnar gear 
movement, the two bones diverge, rotating 
about their vertical axes. The semilunar 
bone is the unstable element of this gear 
movement, tending to rotate anteriorly as 
a secondary thing. Spread of divergent 
force may fracture both styloid processes 
with consequent dislocation of the wrist. 

These proposed terms are satisfactory 
because they indicate direction in which ro- 
tation takes place by indicated force. The 
word distal in distal or posterior dorsovolar 
gear motion is meant to indicate the posi- 
tion of the tuberosity, the distal position 
being more likely than the posterior. 

Gear movement may be complex rather 
than simple and proximal radio-ulnar gear 
movement may be combined with anterior 
dorsovolar gear movement. 

Consider the gear movement again as a 
reverse parallel movement. The proximal 
radio-volar gear movement, as well as the 
distal or posterior dorsovolar gear move- 
ment, seems derived from the parallel 
movement of the scaphoid and semilunar 
in the position of dorsiflexion. The an- 
terior dorsovolar gear movement seems 
the derivative of the parallel movement of 
both bones in the position of palmar flexion. 
Each gear position is, however, created by 
a force which puts the wrist in a greater or 
lesser position of dorsiflexion. Whether the 
anterior dorsovolar gear is produced in a 
position of lesser dorsiflexion is problematic, 
since the angle of such dorsiflexion cannot 
be measured at the time of injury. 

It seems certain that the proximal radio- 
ulnar gear movement is less stable than the 
anterior or posterior dorsovolar gear move- 
ment. The proximal radio-ulnar gear is 
difficult to differentiate from the posterior 
or distal dorsovolar gear movement, since 
the position of the scaphoid is about the 
same in each. The position of the scaphoid 
is therefore not the determining factor in 
differentiating between these two gear mo- 
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tions. Rather, it is the position of the semi- 
lunar. The ulnarly rotated semilunar of the 
proximal gear motion may easily dislocate 
anteriorly, converting this gear into the 
distal dorsovolar gear. It is more difficult to 
interpret the position of the semilunar in 
the posteroanterior roentgenogram, and 
therefore it is less certain which type of 
gear motion is present. 

It is important to appreciate that these 
gear motions are not haphazardly created, 
but arise from physiological positions or 
pathways of motions of the participating 
bones. 

It is the suddenly advancing head of the 
os magnum in a wrist subjected to relatively 
maximal trauma which creates gear motions 
between the semilunar and scaphoid bones. 

Several things may happen, the resultant 
disability depending on the manner of con- 
centration of force at a particular part of 
the articulation the scaphoid and semilunar 
make with the caput of the os magnum. 
If the articular area of the scaphoid bears 
the brunt of the proximally flowing force, 
a mid-carpal dislocation may take place, 
the scaphoid fracturing at its waist. The 
proximal part of the scaphoid goes with the 
usually anteriorly dislocated semilunar 
bone, while the distal part of the scaphoid 
rotates ulnarly as a gear against the semi- 
lunar and the attached proximal part of the 
scaphoid. Reverse mid-carpal dislocation is 
also possible, the semilunar and the at- 
tached proximal half of the scaphoid 
rotating dorsally. Wedge action of the 
caput of the os magnum may also give 
translation of the parts. The head of the 
os magnum becomes placed nearer the 
radius, so that there is shortening of the 
carpus. The scaphoid may break without 
particular displacement and the semilunar 
rotate alone, or the broken distal half of the 
scaphoid may rotate ulnarly without ac- 
companying semilunar rotation (Fig. 7). 

If the brunt of the blow is borne by the 
scaphoid-semilunar joint, gear motion, 
simple or complex, is produced. If the semi- 
lunar articulating area bears the greater 
force of blow, this bone either rotates or dis- 
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locates anteriorly with or without move- 
ment of the scaphoid. The semilunar may 
of course undergo further and more complex 
rotation after it has been dislocated an- 
teriorly. 

The cuneiform bone in proximal radio- 
ulnar gear movement and in the mid-carpal 
dislocation may be forced more ulnarly 
(posteroanterior view) by spread of the 
force which creates these disabilities of the 
wrist. The lateral view may show dorsal 
rotary luxation of this bone. 


C. Clinical Rotation of the Carpal Bones. 

1. Rotation of the Scaphoid and the 
Loosely Jointed Wrist. 

In the loosely jointed wrist, rotation of 
the scaphoid and associated parallel rota- 
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easily rotated anteriorly when it is grasped 
between its body and tuberosity. This is a 
dynamic rotation of the scaphoid, since 
such rotation is created by active or pas- 
sive movement. 

We have examined 7 patients, 4 of them 
women, with loose or lax wrist. This condi- 
tion must be quite common, and is asymp- 
tomatic as a rule. We stress laxity of the 
scaphoid, since it is the most important 
carpal bone clinically (Fig. 8). 

The wrist easily becomes painful when 
subjected to any strain, occupational or 
otherwise; or the trauma may be the usual 
fall on the ball of the hand. The rotation 
may be recognized clinically by anterior 
prominence of the tender tuberosity of the 
scaphoid, by a more than usual passive 


tion of the semilunar and sometimes the 
greater multangular bone may be caused 
by several factors other than axial force. 
It is easier for a loosely held scaphoid to 
rotate than a firmly bound one, whether 
the trauma is axial, occupational, torsional, 
or otherwise. This rotation need not be 
fixed. It may not be demonstrated roent- 
genographically, although the bone can be 


foreshortening of the first metacarpal bone, 
and by increased hollowing of the “snuff 
box.” The joint between the greater mul- 
tangular and the first metacarpal bone may 
be lax. 

In the loosely jointed wrist, one carpal 
bone may be subluxated slightly on its ad- 
joining bone by a passive dorsovolar move- 
ment of the bone. This movement may be 


Fic. 7.4. These roentgenograms show an old, ununited fracture of the distal half of the scaphoid. The slightly 
oblique view dissociated the fractured scaphoid from the radial styloid, and proved that the latter was 
not fractured, a probable finding in the posteroanterior view. The tuberosity was displaced proximally 
and ulnarly, and, clinically, filled the anatomical snuff box. There was little resultant clinical disability 
from this fracture. This is a forerunner of the more typical mid-carpal dislocation. 


Fic. 7B. Mid-carpal dislocation by a wedge action of the advancing head of the os magnum. The anteriorly 
rotated semilunar bone is accompanied by the proximal half of the scaphoid, while the distal part of the 
scaphoid, rotated ulnarly and proximally, becomes placed nearer the radial styloid. While the movement 
of the semilunar and proximal half of the scaphoid is parallel, the movement of the two as a unit is as a 
gear against the distal half of the scaphoid. This mid-carpal dislocation is an analogue of proximal radio- 
ulnar gear motion. The original rotation is about a vertical axis, as shown by the position of the distal part 
of the scaphoid. The position of the semilunar and of the attached proximal half of the scaphoid is un- 
stable, and continuation of force places both in the more stable anterior position by a secondary rotation 
about a transverse axis, the cuneiform following. This fracture dislocation is the usual thing, while pure 
gear movement between semilunar and scaphoid by acute trauma is unusual. The unit of scaphoid and 
semilunar breaks at its weakest point—the middle of the scaphoid. The cuneiform bone whose dorsal aspect 
shows a chip fracture, also shows rotary dorsal luxation about its transverse axis. The caput of the os 
magnum shows a relative dorsal dislocation. Roentgenographic examination of the left elbow showed a 
fracture of the lateral and anterior aspect of the radial head by more proximal continuation of trauma. 


Fic. 7C. This is an instance of reverse mid-carpal dislocation. The tuberosity of the fractured scaphoid is 
rotated in the same manner shown in Figures 74 and 7B. However, the proximal half of the scaphoid and 
the semilunar are rotated posteriorly or dorsally about a transverse axis, to a lesser degree than anterior 
dislocation in the usual mid-carpal dislocation. The lateral views were taken about two months after 
the posteroanterior view and the lateral oblique views. The semilunar bone is narrowed in its height. 
indicating persisting rotation of this bone about its vertical axis. 
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Fic. 8. The loose right wrist of a female, aged thirty- 
one, had been painful for a week without trauma. 
Slight clicking sounds were heard on motion of the 
wrist as if one bone subluxated on another. This 
was most evident over the semilunar and scaphoid 
bones. When the carpal bones were squeezed to- 
gether, release of pressure caused separation of the 
carpal bones with clicking. Radial abduction was 
increased so that the base of the first metacarpal 
impinged upon the radial styloid. This motion 
was painful and the scaphoid, which showed in- 
creased racking motion when it was grasped, 
clicked on radial abduction. A difference in ob- 
liquity of each scaphoid is seen. The symptomatic 
right wrist shows a lesser obliquity of the bone. 


painful and accompanied by clicking. Even 
the hamate, which is usually firmly bound, 
may be lax. The bones are easily squeezed 
together, with resultant clicking on release 
of compression. 

The carpal bones may sometimes show 
vacuolization. 

It is possible that the scaphoid of the 
loosely jointed wrist may be rotated gradu- 
ally by a kinesiological imbalance between 
the thenar and hypothenar muscles, in favor 
of the former. A case of asymptomatic ro- 
tation of the scaphoid was seen in a hand 
whose weakness was relieved by scalenot- 
omy. The opposite wrist showed similar 
rotation. There seemed to be no causal 
connection between the spasm of the 
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scalenus anticus muscle and the rotation 
of the scaphoid. Yet, when a similar rota- 
tion of the scaphoid was seen in another 
woman in whom scalenotomy was done, 
it appeared that, while coincidence could 
not be ruled out, lacking a larger series, 
cause and effect association might be con- 
sidered. In the scalenus anticus syndrome, 
it is more usual that the ulnar nerve is in- 
volved than the median or radial nerves. 
This gives the muscles of the hand inner- 
vated by the median nerve a re/ative or 
actual kinesiological predominance over the 
muscles innervated by the ulnar nerve. The 
word “‘re/ative’’ is stressed, for, while the 
scalenus anticus syndrome may be clini- 
cally unilateral, it may yet be occultly bi- 
lateral. This theory must include the muscle 
imbalance caused by any motor lesion of 
the ulnar nerve, and is not meant to be re- 
stricted to the scalenus anticus syndrome 
alone. 

The wrist must be looked at a little dif- 
ferently, so that the bony structures of the 
carpal canal are accented. The transverse 
carpal ligament is attached in good part to 
the tuberosity of the scaphoid, the ridge 


Fic. 9, 4 and B. Anteroposterior and oblique roent- 
genograms of the right wrist showing asympto- 
matic radial rotation of the scaphoid with parallel 
rotation of the semilunar bone about the trans- 
verse and vertical axes in a girl, aged seventeen, 
with a scalenus anticus syndrome relieved by 
scalenotomy. The major disability was weakness 
of the ulnar interosseus muscles. 
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of the greater multangular, and hook or 
hamulus of the hamate. Arising from this 
ligament are the obliquely directed thenar 
muscles, and the hypothenar muscles. Only 
a part of the abductor pollicis brevis arises 
from the tuberosity of the scaphoid, so 
that it is only through the intermediacy of 
the transverse carpal ligament that the 
thenar muscles can pull on this tuberosity. 
The hypothenar muscles arise from the 
ligament and from the pisiform and hook 
of the hamate. The flexor carpi ulnaris, a 
muscle innervated by the ulnar nerve, ends 
in part on pisiform and hamate. 

Oblique pull of the stronger thenar mus- 
cles on the tuberosity of the scaphoid can 
rotate the scaphoid anteriorly and radially 
(in women more probably than in men, and 
in those women whose wrists are lax 
enough) although the mechanical advan- 


Fic. 10. A boy, aged seventeen, with unilateral 
symptomatic rotation of the scaphoid after injury. 
The mechanism of injury was most probably axial. 
The dorsum of the wrist was swollen with tender- 
ness over scaphoid and semilunar bones. Proxi- 
maily directed pressure in line of first metacarpal 
gave pain in the slightly hollowed snuff box. The 
lateral oblique roentgenogram of the right wrist 
shows rotation of the scaphoid about its transverse 
axis, with parallel rotation of the semilunar bone 
about a similar axis. The joint space between 
scaphoid and greater multangular is widened. The 
posteroanterior roentgenogram shows nothing 
noteworthy. The roentgenograms of the left wrist 
were normal. 
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Fic. 11. Parallel rotation of scaphoid and semilunar 
by axial trauma. Both bones are rotated about’ 
their vertical and longitudinal axes, with lesser 
rotation about their transverse axis. The radial 
styloid is broken. The normal wrist showed po- 
tentiality of rotation about the longitudinal axis, 
for more of the inferior articular surface of the 
scaphoid could be seen. 


tage is poor; yet it is greater for the thenar 
muscles than it is for the hypothenar mus- 
cles. The pull of the latter on the hook ot 
the hamate can rotate the hamulus dis-. 
tally. Whether this is so or not can be deter- 
mined in hands with median ulnar nerve 
predominance. The use of the special carpal 
canal view described by Hart may help. 

This belief in the kinesiologic rotation ot 
the scaphoid needs the amplification and 
confirmation of more experience (Fig. 9, 
10 and 11). 

2. Parallel and Gear Rotation of Scaph- 
oid and Greater Multangular. 

In a previously published paper,’ gear 
rotation between the scaphoid and greater 
multangular was described. A_ second 
case, quite similar to that one was seen. 
Both cases were examined in the light of 
the more extensive studies now made. 

In the published case, there was anterior 
rotation of the scaphoid about its trans- 
verse axis, together with slight posterior 
rotation of the semilunar, or, in other 
words, a mild anterior dorsovolar gear 
movement between semilunar and scaph- 
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Fic. 12. Anteroposterior, oblique and lateral roentgenograms of the left wrist, illustrating double parallel 
anterior rotation of the carpus—scaphoid with greater multangular and scaphoid with semilunar. The 
dorsal dislocation of the bases of metacarpals 1v and v is obvious. A distal chip fracture-of the os magnum 
is seen better in the original roentgenograms. The ulnar shift of the carpus is more apparent than real. 
The wrist is in radial deviation with approximation of the base of the first metacarpal to the radial styloid. 


oid, while scaphoid and greater multangu- 
lar moved in parallel. In the later case, a 
double parallel rotation is seen, a mov- 
ment normally present in the palmarly 
flexed wrist. In both cases, it is question- 
able if subluxation of the base of the first 
metacarpal exists. This is more apparent 
than real because rotation of the scaphoid 
gives foreshortening of the first metacarpal 
bone (Fig. 12). 

We cannot then say that we have ob- 
served gear movement between scaphoid 
and greater multangular clinically. 


3. Rotation of the Semilunar Bone. 


We have regarded the semilunar bone as 
the relative fulcrum of the wrist. It follows 
as a corollary that its rotation or dislocation 
is relatively uncommon (even though semi- 
lunar disability ranks second to scaphoid 
disability). It should be presumed that, in 
rotation or dislocation of the semilunar 
bone, other disability by axial trauma may 
be found, particularly proximal radio-ulnar 
gear movement, or anterior dorsovolar gear 
movement, single or combined. Look care- 
fully at the position of the scaphoid in semi- 
lunar rotation or dislocation (Fig. 13). 

Our own experience and the illustrations 
(reproduced in textbooks) of instances of 


semilunar bone dislocation or of perilunar 
dislocation, in which the semilunar bone is 
said to remain in place have confirmed our 
belief that if there is a rotation or disloca- 
tion of the semilunar bone, it is often a part 
of a gear movement which has gone un- 
recognized. 

It would be well to avoid the use of 
roentgen-anatomic terms, such as perilunar 
dislocation, because the expression gives no 
concept of creating force. Dislocation about 
the supposedly stable bone may be more 
apparent than real, especially if a milder 
degree of rotation goes unrecognized. 

The treatment of these complex parallel 
and gear rotations should be manipulative. 
It is probable that correction of rotation 
of one bone may correct rotation of its 
associated bone. Yet manipulation of a 
simple anteriorly dislocated semilunar may 
result in a mild post-manipulation anterior 
dorsovolar gear movement (Fig. 14). 

Rotation of the scaphoid is most prob- 
ably not unusual after removal of the semi- 
lunar. Subluxation of the os magnum on the 
scaphoid is secondary to the rotation of the 
scaphoid and follows by a gliding move- 
ment. Ordinarily, at least one-half of the 
articular surface of the os magnum is cov- 
ered by the scaphoid; as the scaphoid ro- 
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tates, more of the head is uncovered. UI- 
timately, there may be spontaneous derota- 
tion of the scaphoid (Fig. 15). 


4. Rotation of the Hamate. Gear Rota- 
tion between Hamate and Cuneiform. 


This is an unusual form of gear rotation, 
the existence of which was not considered 
until a case was encountered (Fig. 16). 

The roentgenograms of the wrist showed 
an anterior and radial dislocation of the 
hamate. The articular bases of the fourth 
and fifth metacarpals were well visualized 
in the posteroanterior view, with fore- 
shortening of each bone. The cuneiform 
was rotated ulnarly to a lesser degree and 
this was well brought out in comparative 
lateral roentgenograms of the normal left 


Fic. 13. Posteroanterior roentgenograms show rota- 
tion of the scaphoid ulnarly about its vertical axis, 
so that the bone is placed in the line of the fore- 
arm. The lateral view also demonstrated increased 
obliquity of the scaphoid. The semilunar bone was 
anteriorly rotated with relative dorsal dislocation 
of the caput of the os magnum; there was also some 
rotation about its vertical axis. Either a proximal 
radio-ulnar gear movement or a distal dorsovolar 
gear motion, or both, took place. Open reduction 
of the wrist after failure of manipulation corrected 
the anterior rotation of the semilunar, the obliq- 
uity of the scaphoid being unchanged. 
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kic. 144. A painter, aged forty-three, referred by 
Dr. S. L. Chalfin, fell on both outstretched hands 
from a stepladder. He dislocated both semilunar 
bones anteriorly. The right wrist, which was more 
seriously injured, showed parallel anterior rotation 
of semilunar and scaphoid about the transverse axis 
of each bone, with anterior dislocation of the semi- 
lunar. The caput of the os magnum was relatively 
dislocated dorsally and was nearer the radial 
articular surface than it should properly be. 
(Roentgenograms taken on July 20, 1940.) 

Fic. 148. Each dislocated semilunar bone was easily 
reduced by manipulation under general anesthesia. 
The left semilunar bone was set normally. The 
right semilunar bone was overcorrected, so that its 
concavity faces posteriorly, with persisting rela- 
tive marginal luxation of the caput of the os mag- 
num. The rotation of the scaphoid was unchanged. 
Therefore, a parallel anterior rotation of the semi- 
lunar and scaphoid was converted into an anterior 
dorsovolar gear movement of these two bones. 
The right wrist, at the end of October, 1940, still 
showed a fullness dorsally over the region of the 
semilunar, and tenderness of the area. Both wrists 
had about equal motion, 15° of dorsiflexion and 10° 
of palmar flexion. 
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Fic. 154. Posteroanterior and lateral roentgenograms of the right wrist taken on April 21 8 

lateral view, the semilunar bone is dislocated anteriorly and rotated through an 
liquity of the scaphoid is seen. In the posteroanterior view, the semilunar bone is rotat “4 en a - 
of its radial (convex) articular surface is seen. (This is the typical appearance of an lnalt ly disk al 
semilunar in the posteroanterior view.) The position of the scaphoid is normal. Th i = we dal 
. There is relative dorsal 


Fic. 15B. Posteroanterior and lateral roentgenograms of the right wrist taken on August bo 

four months after the operative removal of the semilunar bone. The scaphoid is sin 1 —— "baal 
is now placed dorsovolarly in the lateral view rather than obliquely. The ar tineerseg Jatt po ery 
more anterior than normal. In the posteroanterior view, the tuberosity overlaps the 
and there is some diminution of the distance between the radial styloid process and th i : orgs — 
metacarpal bone. The greater multangular has rotated in parallel with the scaphoid lb “hh _ 
of the head of the os magnum. Spotty decalcification of the carpus and transverse de aleifi ati ro 
lower end of ulna and radius are present. Note the sun-ray appearance of the articul a cation of the 
to radiate from the semilunar space. icular lines which seem 


Fic. 15C. Oblique and posteroanterior roentgenograms of the right wrist taken on July 25, 1939. The findi 
in the posteroanterior view are similar to those of Figure 15B but the distance leceom 2 7 dial tod 
and the base of the 1st metacarpal bone is further diminished. The more dorsovolar positi yrs ia wich 
and the anterior prominence of the tuberosity of the scaphoid is well seen in the obli ue or o bn scaphot 

and parallel rotation of the greater multangular is well demonstrated in this ioe The «, ~ e —a 
the head of the os magnum is again seen. There is now no decalcification. a 
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wrist. This rotation was indicated by in- 
creased width of the more proximal part 
of the joint space between cuneiform and 
semilunar, by increased obliquity of the 
articular line between cuneiform and 
hamate, and by approximation of the cunei- 
form to the bases of the fourth and fifth 
metacarpals. 

Both bones had rotated about their 
transverse axes. 

It was first thought that a gliding move- 
ment of cuneiform and hamate had taken 
place. This movement is possible between 
cuneiform and hamate, and between os 
magnum and hamate. Rather, ulnar rota- 
tion of the cuneiform took place, the bone 
using the most distal and ulnar part of the 
hamate (the ulnar ledge) as a fulcrum. 

This is not the first instance of rotation 
of the hamate encountered. 

The hamate is so firmly bound that rota- 
tion about its vertical or longitudinal axis 
need scarcely be considered. The bone 
rotates radially on its longitudinal axis, 
direction of rotation being opposite to 
the fosition of the hamulus. Rotation about 
its vertical axis does not change the position 
of the hamulus. The position of the large 
articular face with the os magnum may in- 
dicate direction of this rotation. 


IV. CERTAIN INJURIES OF THE RADIAL 
AXIS 


1. It has been stressed that in the axial 
transmission of force a halt to such force 
may be made at one of several points. One 
such point is the fracture of the base of the 
first metacarpal bone—Bennett’s fracture. 
This fracture (uncommon in childhood) is 
well known and needs no discussion. Luxa- 
tion of the base of the first metacarpal may 
sometimes take place. 

Injury of the greater multangular may be 
isolated or associated with other radial axis 
fractures, such as fracture of the scaphoid 
of the base of the first metacarpal bone. In 
the series of roentgenograms examined, 


Fractures of the Radial and Ulnar Axes 473 


Fic. 16. Gear rotation between the hamate and 
cuneiform. The hamate is anteriorly and radially 
dislocated, while the cuneiform is rotated ulnarly. 
Both bones have rotated about their transverse 
axes. 


fracture of the greater multangular oc- 
curred once as an isolated fracture, once 
with dislocation of the metacarpophalan- 
geal joint of the thumb, and once with 
Bennett’s fracture. This bespeaks a singu- 
lar immunity from trauma for the greater 
multangular, and this is so for three rea- 
sons. It is not a superficial and hence vul- 
nerable bone. The trauma is taken up by 
the base of the first metacarpal bone or 
more proximally. Lastly, the greater mul- 
tangular has a strong cortex which pro- 
tects it against break. The obliquity of the 
line of force makes associated fracture of 
the lower end of the radius uncommon. 

2. Injury of the Carpometacarpal Foint 
the Thumb in Old Persons. We have ob- 
served and treated 2 cases of injury to the 
carpometacarpal joint of the thumb in old 
persons (over sixty) in whom an ante- 
cedent asymptomatic osteoarthritis be- 
came symptomatic by a fall on the radial 
side of the ball of the hand. This joint is 
quite prone to such osteoarthritis. In both 
patients it is believed that an infraction 


fracture of the joint took place, although 


Fic. 15D. Roentgenograms of May 6, 1940, showing partial spontaneous derotation of the scaphoid with 
restoration of scaphoid obliquity. The wrist is in a little more dorsiflexion than in Figure 1sC, which may 
account for some of the increase in obliquity of the scaphoid. 
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Fic. 17. The roentgenograms of a typical instance of injury of the carpometacarpal joint of the right thumb 
in older people. There is definite osteoarthritis of the carpometacarpal joint of each thumb with narrowing 
of the joint space and sclerosis of the adjacent articular borders. This sclerosis is more marked ulnarly 
than radially. Marked productive bony changes are seen on the radial side of the greater multangular bone. 
It is not possible to tell from the roentgenogram which is the side of symptomatology. This osteoarthritic 
joint may remain symptomless till axial trauma creates a painful joint or infraction fracture of this joint. 


It is not possible to prove the latter with certainty. 


there was no gross evidence of fracture. 
This condition seems not uncommon, for 
we have later studied the roentgenograms 
of several other patients said to have this 
disability (Fig. 17). 

Osteoarthritis may also be found along 
the radial half of the radial axis. 

3. Injury of the Lesser Multangular Bone. 


Any injury of the lesser multangular bone 
is rare, since the bone is so well protected. 
A fracture dislocation of this bone was re- 
ported by Peterson. The type of trauma 
creating this disability was not described. 

4. Old Ununited Fracture of the Carpal 
Scaphoid. The histories and roentgeno- 
grams of § cases of ununited fracture of the 
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carpal scaphoid were studied. All patients 
were males in the age group between 
twenty-two and thirty-seven. In every case, 
the fracture was situated at the middle of 
the bone. In 2 cases, there was displace- 
ment of the fragments, the distal fragment 
being rotated radially and proximally. Two 
cases showed moderate sclerosis of the un- 
united fragments. Irregularity in contour 
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which may supplement the posteroanterior 
view in ulnar adduction, is only of use if 
enough palmar flexion is permitted. Hence, 
it may be of limited value in the differentia] 
diagnosis of fracture of the scaphoid. 

5. Fracture and Luxation of the Os Mag- 
num. The os magnum may be injured by a 
direct trauma, but this is not common. In 
an axial trauma, the capital part will act 


Fic. 18.4. This patient, a male, aged nineteen, has a multiple fracture disability of the radial axis. There is 
seen a comminuted fracture of the lower end of the radius, a fracture of the scaphoid, and fracture (with 
rotation) of the caput of the os magnum. (Case of Dr. S. Ritchie of Kingston, N. Y., through whose kind- 


ness it is shown.) 


Fic. 18B. The capital fragment of the os magnum was removed three and a half months after injury, when 
the radial fracture and fracture of the scaphoid were healed in excellent position. There persists a probable 


dorsal displacement of the cuneiform. 


of the fragments was seen in only 1 case, 
and hypertrophic spurring of the fragment 
edges in 2 cases. In no case was arthritis of 
the wrist seen. 

The time period between the injury and 
the roentgenograms examined varied be- 
tween nine months and ten years. One man 
was roentgenographed for a recent Colles 
fracture and, in addition, showed an old 
ununited fracture of the scaphoid, which 
apparently was asymptomatic. 

It is suggested that the scaphoid also be 
visualized in the lateral palmar flexion posi- 
tion, a position in which the bone is placed 
dorsovolarly. This view of the scaphoid, 


as a wedge, being driven between the 
scaphoid and the semilunar bone; or the 
head may break away, or capital disloca- 
tion take place at the cotyloid joint with 
the semilunar and the scaphoid. It may be 
expected that its capital part will more fre- 
quently be injured than its basal part, 
which is broad and firmly anchored. 

Injuries of the os magnum are not com- 
mon, since the bone is deeply placed and 
the trauma is passed proximally. Hence, it 
should not be unusual to find multiple 
fractures in association with fracture of the 
os magnum (Fig. 18). 

6. Basal Fracture of the Metacarpal 
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Bones. Fracture of the base of a metacarpal 
bone, with the exception of the first, is 
relatively uncommon, the metacarpal bone 
usually breaking in its neck or shaft. 
Trauma is either direct or axial, greater 
damage being more probable by direct in- 
jury. The reverse is true, that fracture of 


Fic. 19. This is a lateral roentgenogram of the 
palmarly flexed wrist of a man with painful dorsal 
prominence of the base of a metacarpal bone by 
axial trauma. Note the dorsal prominence, as if by 
bony hypertrophy, of the base of the second meta- 
carpal bone, and the adjacent base of the os mag- 
num. The prominence of the lesser multangular is 
not well seen in this reproduction. The scaphoid 
is placed dorsovolarly with prominence of its 
tuberosity anteriorly. This is the normal position 
of the scaphoid in lateral palmar flexion. 


the neck or shaft of the first metacarpal 
bone is uncommon. Basal fracture seems 
more common in the more mobile fourth 
and fifth metacarpal bones. Dislocation of 
the metacarpal bases is rare. These state- 
ments are confirmed in a diagrammatic 
analysis of 700 metacarpal fractures by 
N. W. Roberts in the volume by Jones‘ 
(page 429). 

6a. Painful Dorsal Prominence of the 
Base of a Radial Metacarpal Bone by Axial 
Trauma. We have seen 3 cases whose com- 
mon characteristics place them in a group 
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as a syndrome of axial trauma of the radial 
axis. In each case, a painful dorsal promi- 
nence developed at the base of a radial 
metacarpal bone, usually the second or 
third, at some undetermined time after an 
axial trauma to the knuckles. The deformity 
is seen best in palmar flexion of the wrist. 
The earliest development of the promi- 
nence seems to have been in the first week 
after injury. 

It is probable that this bony prominence 
may be congenital, for we have seen it as 
a bilateral prominence in several normal 
hands. It may therefore have antedated 
any trauma, and become symptomatic by 
axial trauma. 

In only 1 case was there a fracture of the 
metacarpal base—a chip fracture. In the 
other 2 cases, seen some time after injury, 
no fracture or evidence of old fracture was 
seen. 

The etiology of such prominence, whether 
by direct or indirect trauma, by arthritic 
osteophyte or congenital enlargement may 
not always be evident. We are stressing a 
typical axial syndrome, which we separate 
from the common group, in all of which a 
basal dorsal metacarpal prominence exists. 

The passage of force to the wrist may 
cause no fracture, but does create a strain 
of the joints through which the force passes, 
so that in all cases tenderness was present 
over the joint between the base of the meta- 
carpal and the adjoining carpal bones, over 
the joint between the os magnum and the 
semilunar and scaphoid, and particularly 
over the wrist joint, which invariably 
showed slight limitation of motion. Proxi- 
mal axial pressure in the line of the meta- 
carpal confirms this tenderness. 

The swelling at first may seem to be that 
of soft tissue but later there is bony hyper- 
trophy, not only of the base of the meta- 
carpal bone but, as in one case, of the ad- 
jacent lesser multangular. Recession of 
swelling can only be that of soft tissue and 
not of bone. The adjoining carpal bones, 
either the lesser multangular or base of the 
os magnum, seem to be placed as if in a de- 
pression, but this is relative because of the 
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bony prominence at the metacarpal base. 

The most serious late sequel which may 
make excision of the abnormal tuberosity 
necessary is the limitation of the use of a 
finger, as its extensor tendon subluxates 
over the bony prominence. 

The best roentgenographic visualization 
of the bony prominence is the lateral view 
of the palmarly flexed wrist. The usual 


lic. 20. Fracture of the pisiform bone is clearly 
indicated by the arrow. 


anteroposterior and lateral views may show 
no abnormality (Fig. 19). 


V. FRACTURE AND LUXATION OF THE 
ULNAR CARPAL BONES 


The disabilities of the ulnar carpal bones, 
cuneiform, pisiform, and hamate, are usu- 
ally disabilities by direct trauma to the 
ulnar border of the hand (Fig. 20). 

Axial trauma, though uncommon, may 
take place by a blow to the ulnar half of 
the hand as a fall on the ulnarly directed 
hand. 

The reason such axial trauma is rare is 
that the bearing surface of the hypothenar 
eminence is small, and that the reception of 
any trauma by a fall on this part of the 
hand makes necessary an unnatural posi- 
tion of the hand. The resultant fracture is 
ordinarily simple, although there may be 
associated fracture or dislocation of the 
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Fic. 21. Fracture by axial trauma causing a com- 
minuted fracture of the lower end of the radius, a 
fracture of the cuneiform, and fracture of the sec- 
ond metacarpal head. 


fourth and fifth metacarpal bones. Fracture 
of the cuneiform is sometimes associated 
with radial axis fracture. 

The consideration of each fracture is un- 
necessary, but the mechanics of cuneiform 


Fic. 22. Fracture of the cuneiform and of the dorsal 
aspect of the semilunar. The history in this case is 
not known, but it would seem to be a fracture by 
direct trauma. 
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Fic. 23. Dorsal subluxation of the right cuneiform 
bone, seen only in the lateral view in palmar flexion. 


fracture should be amplified. This fracture 
may be caused by both axial trauma and by 
direct injury to the volarly bent wrist. It is 
to be remembered that in palmar flexion 
of the wrist, the cuneiform bone becomes 


Fic. 24. Bilateral congenital fusion of semilunar and 
cuneiform bones was present, together with frac- 
ture of the scaphoid. The fracture is not well seen 
in this roentgenogram. 
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most dorsal, and hence vulnerable to direct 
trauma. It is a bone which occupies a posi- 
tion intermediate to both axes, and hence 
is seldom injured in radial axis injury. It 
is usually the proximal and ulnar part of 
the bone which is seen to be injured in the 
posteroanterior view, and the dorsal part in 
the lateral view. Fracture of this bone is 
not necessarily isolated, and may be com- 
bined with fracture of the lower end of the 
radius in both axial and direct injury. It 


Fic. 25. A skeletal anomaly of the carpus, the most 
significant feature of which is a giant hamate bone, 
which articulates with a fifth metacarpal bone 
whose thickness is double the normal. The dumb- 
bell-shaped metacarpal bones of the third and 
fourth fingers show a thin inner strongly accented 
cortical line. The first metacarpal is short. 


was associated with fracture of the semi- 
lunar in one case (Fig. 21 and 22). 

Luxation of these bones is rarer than 
their fracture. The most probable is ulnar 
luxation of the pisiform since there is no 
bony obstacle to this luxation. Proximal 
luxation is possible when the torn tendon 
of insertion of the flexor carpi ulnaris car- 
ries the bone with it. Rotation of the bone 
would be most unusual. 

The loosely jointed wrist may sometimes 
show ulnar luxation of the pisiform when 
the wrist is palmarly flexed and the flexor 
carpi ulnaris relaxed. 

Dorsal subluxation of the cuneiform is 
rare (Fig. 23). 
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VI. OTHER INTERESTING CARPAL 
ENTITIES 


As the many cases and their roentgeno- 
grams were examined over the long period 
of this study, certain interesting collateral 
observations were made. 

These include congenital fusion of the 
carpal bones, especially of the semilunar 
and cuneiform bones, giant hamate bone, 
stencil atrophy of the carpus (Fig. 24, 25, 
26 and 27), and vacuolization of the carpal 


Fic. 26. Extreme subcartilaginous decalcification of 
carpal bones, so that a double cortical line is pro- 
duced, which we call stencil atrophy, since the 
bones seem stencilled finely. A fracture of the 
shaft of the fifth metacarpal bone is present. 


bones. Three syndromes are briefly de- 
scribed. 

1. The painful pisiform syndrome is a 
syndrome in which the soft tissues over the 
pisiform and the base of the hypothenar 
eminence are swollen and tender, with or 
without abnormal mobility of the pisiform. 
The cause is minimal repeated trauma to 
the part. It should be differentiated from 
fibrositis, and from tendonitis with calcifi- 
cation of the flexor carpi ulnaris. 
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Fic. 27. Diffuse vacuolization of the carpal bones of 
the loosely jointed wrist. This is the left wrist joint 
of a woman, aged twenty-two, who made many 
hundreds of movements of pronation and supina- 
tion of the forearm each day in working. Three 
years before she had fallen on the dorsum of the 
palmarly flexed wrist, with resultant dull pain in 
wrist, forearm and elbow. Wrist motion was free, 
but passive dorsovolar motion of the lower end of 
the ulna was much increased, a finding absent in 
the right wrist. The wrist was tender over the 
scaphoid and carpometacarpal joint of the thumb. 


2. Lateral Force Syndrome. The ulnar 
corner of the base of the second metacarpal 
abuts against the inferoradial part of the 
os magnum. It seems reasonable, although 
we have no instance of it, that a lateral 
force applied to the second metacarpal may 
fracture not only the second metacarpal 
but also the corner of the os magnum (Fig. 
28). 

Lober reported a fracture of the outer 
border of the hamate, the size of a pea, 
which he believed had been caused by the 
impact of the fifth metacarpal against the 
hamate. A pressure fracture of the scaphoid 
was present. The patient’s hand had been 
caught longitudinally in a sliding door and 
forced backward. This is an instance of a 
lateral force syndrome. 
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3. The Carpal Canal Syndrome. This 
syndrome is a median nerve neuritis and 
flexor tendonitis by compression of these 
structures in the bottleneck of the carpal 
canal, either by intrinsic or extrinsic cause. 
The typical extrinsic factor is the anteriorly 


Fic. 28. Fracture of the shaft of the second metacar- 
pal bone by lateral force. A sclerotic island in the 
center of an area of vacuolization was seen in the 
distal and radial part of the os magnum of each 
wrist. 


dislocated semilunar bone. The intrinsic 
factor may be a direct trauma, squeezing 
or otherwise, to that part of the wrist, or, as 
is more likely, occupational. The rigid bony 
floor of the carpal canal and its ligamentous 
roof make it probable that any increase of 
tension, as by fluid. will adversely affect 
the contained structures, with the excep- 
tion of the flexor longus pollicis tendon. 
Ordinarily, there should be easy release of 
this tension because of forearm space com- 
munication. It is for this reason that the 
intrinsic carpal canal syndrome is rare, but 
an occasional case may be met with in which 
release of pressure is not possible. One such 
case was seen. 
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CONCLUSION 


Whether or not the principles and details 
contained within this paper are agreed with 
in part or wholly, one thing must be em- 
phasized—that it is a certain mechanism of 
force which creates the shape and form of 
any fracture. It is the resultant type of 
fracture which is stressed in teaching and in 
textbooks rather than the creating force. 
There will be a better understanding of the 
fracture either as a single unit, or as a prob- 
lem as a whole, if primary stress is laid on 
force conceptions. 
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TREATMENT OF CANCER OF THE LARYNX BY 
ROENTGEN IRRADIATION 


A REPORT OF FIVE YEAR END-RESULTS* 
By JOHN V. BLADY, M.D., and W. EDWARD CHAMBERLAIN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


i IS our purpose to present an analysis 
of our experiences and results in the 
treatment of cancer of the larynx by irradi- 
ation. This analysis includes all of the cases 
of larynx cancer, early and advanced, 
treated in the Department of Roentgen- 
ology and Radium Therapy of Temple 
University Hospital from 1931 to 1937 in- 
clusive. It constitutes a five year survival 
study on a group of 36 cases. 

Every patient in this series was first 
studied in the Chevalier Jackson Broncho- 
scopic Clinic of Temple University Hospi- 
tal. In all cases the diagnosis of cancer was 
verified histologically. In each case the rec- 
ognized indications for the various methods 
of treatment were carefully weighed. The 
treatment by irradiation in these patients 
was selected for one or several of the fol- 
lowing reasons: (1) presence of metastasis 
in the neck on admission; (2) disease process 
too extensive for surgery; (3) suggested 
radiosensitivity of the tumor as determined 
by biopsy; (4) advanced age and poor op- 
erative risk; (5) complicating cardiac and 
renal disease; (6) recurrence after laryngo- 
fissure; (7) surgery refused by the patient. 


ANATOMIC CLASSIFICATION 


Inasmuch as tumors arising on vocal 
cords, ventricles, and the subglottic region 
have considerable similarity in their symp- 
tomatology, clinical course, and histopa- 
thology, we employ the anatomic classifica- 
tion as suggested by Martin.‘ We realize 
the disadvantage of such terms as “‘intrin- 
sic” and “‘extrinsic’’; nevertheless, their use 
in a limited capacity is permissible when 
the exact anatomic localization for each 
term is specifically designated. The term 


“cancer of the intrinsic larynx,” as used in 
this paper, denotes origin of the tumor on 
the vocal cords, the ventricles, or the sub- 
glottic region, while “cancer of the extrin- 
sic larynx” includes origin on the ary- 
tenoids, aryepiglottic folds, base of the 
epiglottis, and upper surface of the piri- 
form sinuses. At times when one is dealing 
with a large, bulky tumor, it is impossible 
to determine the exact point of origin. The 
history, the histopathology, and the ob- 
servations made during treatment, in which 
regression is carefully observed, may aid in 
making possible an accurate anatomic lo- 
calization of the origin of the tumor. 


INCIDENCE 


Of the 36 cases, 23 (64 per cent) were 
classified as intrinsic, 13 (36 per cent) as 
extrinsic (Table 1). Twenty-nine of the 
cases were in the fifty to seventy year age 
group. The youngest was thirty-two and 
the oldest eighty-one years of age. Thirty 
of the lesions occurred in males, and 6 in 
females. In 53 per cent the lesions involved 
the right side of the larynx; in 31 per cent 
the left side, and in 16 per cent both sides 
were involved. 

Cutler? emphasizes the importance of 


fixation of the cord in determining whether 


a particular lesion is curable by surgery or 
by irradiation. Unfortunately, our data on 
this point are incomplete and therefore in- 
conclusive. It is our impression, however, 
that impairment of mobility itself is no 
contraindication to treatment by irradia- 
tion in intrinsic laryngeal cancer. In 11 of 
our intrinsic cases, there was definite fixa- 
tion; 6 of these patients died of disease, 
while 5 are living and are well five or more 


* From the Department of Roentgenology and Radium Therapy, Temple University Hospital, Philadelphia. Presented in part at 
the Twenty-sixth Annual Meeting, American Radium Society, Cleveland, Ohio, June 2-3, 1941. 
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I 
CASES BY YEAR 
1931 1932 1933 1934 1935 1936 1937 Total 
Intrinsic re) ° 4 (2) 3 (1) 4 (4) 6 (4) 6 (2) 23 (13) 
Extrinsic 1 (1) I 4 (1) 3 3 (1) 13 (3) 
Total I 1 (1) 4 (2) 4(1) 8 (5) 9 (4) 9 (3) 36 (16) 


in parentheses of patients dime five years or more. 


years after treatment. No impairment of 
the cords was recorded in 1 patient who is 
living and is free of disease. The 2 patients 
with cancer of the extrinsic larynx, in whom 
a definite statement of impaired mobility 
was made, have died of their disease. 

During the past two years, we have made 
careful observations on impaired mobility 
and find that in many cases, except in those 
with extensive extrinsic laryngeal disease, 
as the tumor regresses and the tissues re- 
cover from the irradiation reaction, the 
cords become mobile, and only a slight de- 
gree of impairment due to scarring may 
persist. On the other hand, when the entire 
side of the larynx is fixed, or where there is 
definite cartilage invasion, the prognosis is 
less encouraging. 


HISTOPATHOLOGY 


The histopathology of the biopsies in 
practically all cases was squamous cell car- 


cinoma. One of the cases was of a spindle 
cell, Grade 3, variety, while another was of 
the mixed type, showing areas of adeno- 
carcinoma and squamous cell carcinoma 
(Table 11). 

Of the intrinsic group, 1 case was Grade 
I, 13 cases were Grade 2, 7 were Grade 3, 
and 1 was Grade 4. Two of the Grade 3 
cases are alive and free of disease after 
five years, while 9 of the 13 Grade 2 cases 
have survived five years or more. Grades 

and 4 are infrequently seen in intrinsic 
larynx cancer. In explanation of the 7 cases 
recorded here, we wish to point out that 
these cases have been encountered and 
selected from a large series, and were re- 
ferred for radiation therapy because of the 
anaplasia which suggested radiosensitivity. 
It has been frequently stated that squa- 
mous cell carcinoma, Grades 1 and 2, is 
relatively Contrary to 
this, our findings indicate that these grades 


TasB_e II 


HISTOPATHOLOGICAL TYPES AND GRADES 


Dead 


No evidence of Dead ; as a result 
disease after 5 yr. of disease from Total 
Intrinsic Extrinsic Intrinsic Extrinsic other | 
causes 
Extrinsic 
Squamous carcinoma, Grade 1 I I 
Squamous carcinoma, Grade 2 9 4 2 15 
Squamous carcinoma, Grade 3 2 2 5 st I 15 
Squamous carcinoma, Grade 4 I I I 3 
Spindle cell carcinoma, Grade 3 I I 
Not graded if I 
13 3 10 9 36 
* Without evidence of recurrence or metastases from the cancer of the larynx. 
+ C.A. One case in which the histopathology was of a mixed type, showing areas of squamous cell and adenocarcinoma. 
tH. S. Patient treated in 1931. Biopsy was not graded. Slide now not available for re-examination. 
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of tumor in the intrinsic larynx are quite 
radiosensitive. In our series the best results 
were obtained in the cases of histopatho- 
logic Grade 2 cancer. 


METASTASES 


Metastases are infrequent in cancer of 
the intrinsic larynx; only 4 of 23 cases (17 
per cent) presented metastases on admis- 
sion, and 2 cases developed metastases later 
in the course of the disease. 

In 1 case there was a four year history of 
persistent hoarseness, and on endoscopic 
examination the entire right cord and ven- 
tricle and anterior third of left cord 
were found involved. Another patient had 
hoarseness of two years’ duration, and had 
been treated by his local doctor for laryn- 
gitis. Biopsy revealed epidermoid spindle 
cell carcinoma, Grade 3. In a third case the 
metastases developed after treatment. This 
patient had a laryngofissure performed in 
October, 1932. Study of the:tissue showed 
squamous cell carcinoma, Grade 3. Eight 
months after the laryngofissure a definite 
recurrence was found, and he was then 
given protracted fractionated, highly fil- 
tered external irradiation. A year later a 
second recurrence was verified histologi- 
cally. The tumor grew quite rapidly, metas- 
tases occurred, and the patient died within 
one year. In all 3 patients, the metastases 
were treated by external irradiation alone. 

One of the cases treated in 1937 de- 
veloped a local recurrence and a metastasis 
to a cervical node two years after treat- 
ment. The biopsy from the recurrence and 
the aspiration biopsy of the metastasis both 
showed squamous cell carcinoma, Grade 3. 
A second full course of irradiation was 
given to the recurrence at the primary site 
including the metastasis in the field of ir- 
radiation. On completion of the roentgen 
treatment the metastasis was surgically 
exposed and interstitial radon implanted. 
This patient has had no further recurrence 
or metastasis and has survived now more 
than five and a half years since the original 
course of treatment. 

In the extrinsic group, on the other hand, 
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metastases were present on admission in 
6 of 13 cases. The average length of survival 
in these § cases after treatment was twenty- 
two months. One patient, not included in 
this group, presented a mass in the left 
submaxillary region on admission. The 
laryngeal disease was located on the right 
side. As there is no histologic verification 
as to the nature of this mass, and inasmuch 
as he has been well and free of disease seven 
years after treatment, it must be assumed 
that it was not a metastasis. 

It is very striking that none of the pa- 
tients presenting proved cervical metas- 
tases on admission have survived. In the 
intrinsic group of patients without metas- 
tasis at any time during the course of the 
disease, the five year survival rate was 71 
per cent. In a similar group of extrinsic 
cases, 3 out of 7 cases survived five years 
or more. It is evident that control of the 
primary disease and control of metastases 
are entirely different problems. None of the 
cases with metastases at the time of ad- 
mission survived longer than three years. 

External irradiation alone is insufficient 
for control of metastatic cervical disease. 
We must improve our methods of handling 
this particular group of cases. Our more 
recent experiences in a number of cases 
with cervical metastases falling into the 
intrinsic and extrinsic classifications indi- 
cate that cervical metastases may be con- 
trolled in a fair percentage of cases by 
combined treatment with external irradia- 
tion followed by surgical exposure and 
excision, if possible, and implantation of 
gold radon seeds. When sufficient time has 
elapsed, we will be in a position to compare 
the present results with those in patients 
whose metastases were treated more ag- 
gressively. 


TECHNIQUE OF IRRADIATION 


Physical factors of the radiating source 
employed in the series of cases herein re- 
ported are as follows: 180 kv. (average), 
constant potential, 5 ma., 50 cm. target- 
skin distance, and in all cases 2 mm. copper 
plus 1 mm. aluminum filtration. A daily 
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dose of 125 r, measured in air, was delivered 
through 10 by to cm. fields to each side of 
the neck at a rate of 5 to 6 r per minute. A 
total of at least 3,000 r was delivered to 
each skin field, necessitating a minimum of 
twenty-four consecutive days for the com- 
pletion of treatment. 

In our earlier cases the treatments were 
administered with the patient lying on the 
treatment table. In 1935 the advantage of 
the sitting position was called to our at- 


Fic. 1. The head rest as shown above is used to sup- 
port the head during the treatment. It is fastened 
to the back of an ordinary sturdy chaif by a set 
screw. By means of a swivel joint the arm between 
the chair clamp and head rest cushions can be 
extended and shortened or rotated in a vertical 
plane. The head rest cushions fit in the depressions 
below the mastoid and occipital prominences. 
With the flexibility of this apparatus any desired 
flexion or extension of head may be obtained and 
satisfactorily maintained during the treatment. 


tention by one of our patients, an unusually 
intelligent woman, whose physical build 
rendered treatment in the horizontal posi- 
tion unusually difficult and uncomfortable. 
Since that date we have seated our patients 
in a chair fitted with a special immobilizing 
head rest (Fig. 1). This head rest is of value 
not only for its immobilizing effect but for 
maintenance of the desired degree of ex- 
tension of the patient’s head. In our ex- 
perience the use of the sitting position and 
the above-described immobilization have 
added to the accuracy of our centering of 
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the roentgen-ray beam, the maintenance 
of the patient’s position during treatment 
as well as to the comfort of the patient. 

Up to 1936 a 10 by 10 cm. open field was 
used in practically all cases and occasion- 
ally fields as large as 12.5 by 12.5 cm. were 
employed. Such large fields necessarily 
produced extensive irradiation epidermitis 
which extended from the mandible down 
to the base of the neck, and a similarly ex- 
tensive mucositis. 

In 1936 the use of large rectangular fields 
was discontinued in favor of open circular 
fields of 7.5 cm. and 10 cm. diameter, and 
during the last three years interchangeable 
circular metal cylinders (cones) 5.5, 6, 7, 
8, 9, and 10 cm. in diameter have been 
employed. With the smaller fields the cu- 
taneous reaction may be as severe as with 
the large fields; however, the area and 
volume of tissue involved are much less. 
This has made possible the administration 
of larger tumor doses without producing 
severe local and generalized constitutional 


III 


ANALYSIS OF METASTASES 


Per- 
Number 

Number of a8 

of 5 

of year 

year 

cases sur- 
sur- 
vivals 
vivals 
Intrinsic 
None on admission 19 13 69 
None at any time 17 12 71 
Present on admission 4 ° ‘e) 
Metastases developed 
later 2 I 50 
Extrinsic 
None on admission ~ 3 43 
None at any time — 3 43 
Present on admission 6 ° ° 
Metastases developed 

later — — 


* Of these 7 cases, the first died after receiving four treatments; 
the second died of a heart attack nineteen months after treat- 
ment, showing no evidence of disease at the time of death; the 
third died with persistent disease ten months after treatment; the 
fourth died seven months after treatment; three are living and 
free of disease five and a half, seven and ten years respectively 
after treatment. 
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Fic. 2. These photographs are reproductions of the roentgenograms taken to check the accuracy of the 
centering of the radiation beam and the adequacy of the size of the portal. In 4 a cone 8 cm. in diame- 
ter was used and the lead marker, indicating the center of the beam, was centered slightly above the level 
of the cords for a supraglottic lesion. In B a 6 cm. diameter cone was used and centered at the level of the 
cords. In both cases the patient was set up exactly as for the treatment and the roentgenograms were 


exposed with the therapy machine. 


reaction. When fields 10 by 10 cm. or larger 
are used in cases of extensive local or meta- 
static disease, it is with a great deal of 
concern that an air dose of more than 3,000 
r to each side of the neck is given. The cu- 
taneous and mucous membrane reaction 
that occurs is nearly always accompanied 
by pain, dysphagia, depression, and gen- 
eral debility. With the smaller fields, severe 
reactions are more localized, better toler- 
rated, and even at the height of a severe 
mucositis the patient is able to take soft 
and liquid nourishment without the dis- 
comfort and pain that is experienced when 
the mucositis extends from the soft palate 
down to the base of the neck. 

The introduction of cylinders or cones we 


Fic. 3. In this method of checking the accuracy of 
centering, the approximate center of the lesion is 
carefully localized and marked on the skin. A wire 
loop the size of the cone to be used is placed ac- 
curately over the outlined skin portal. This is fas- 
tened in place with adhesive tape and the patient 
is then placed in the exact position in which the 
treatment is to be given. A lateral roentgenogram 
is exposed and an accurate check of the selected 
center and the adequacy of the size of field can 
then be determined. 


believe is a refinement of irradiation tech- 
nique. It must hg emphasized that the use 
of cones requires accurate localization of 
the radiation beam. In all cases the ana- 
tomic location of the lesion should be care- 
fully centered on the skin of the neck after 


| 
= — 
— 
é — 
: 
% 
; 


486 John V. Blady and W. 
thorough localization of the lesion, by 
study with a laryngeal mirror, by direct 
laryngoscopy when indicated, by exter- 
nal palpation and, for hypopharyngeal 
growths, by digital palpation of the lesion. 
The projected center and borders of the 
lesion are then marked on the skin, either 
with indelible dye or ink, or by tatooing 
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involving only the tip of the epiglottis, a 
5 cm. cylinder may be employed. For larger 
lesions or for lesions in other locations, es- 
pecially where subglottic extension is sus- 
pected, the larger cones, 6, 7, 8, or 9 cm. in 
diameter should be used. We seldom use a 
cylinder smaller than 6 cm. in diameter 
except in the cases just mentioned. There 


IV 


TUMOR DOSE CALCULATIONS BASED ON 1,000 rf, MEASURED IN AIR, AND DELIVERED 
TO EACH OF TWO LATERAL NECK FIELDS 


(Tomer dose corrected for back-scatter)* 


Irradiation 
Factors 


180 kv. constant potential; 50 cm. target-skin 
distance; filter, 2 mm. Cu+1 mm. Al 


Transverse Diameter 


of Neck 10 cm. 11 cm. 12 cm. 13 cm. 14 cm. 
Size of Cone Distance Distance Distance Distance Distance 
and Area 
§ cm. cm. 6 cm. 6.5 cm. 7 cm. 
§.§ cm. 
(23.8 sq. cm.) 1192 1080 1000 g20 850 
6 cm. 
(28.3 sq. cm.) 1192 1080 1000 g20 850 
7 cm. 
(38.6 sq. cm.) 1280 1200 1110 1020 940 
8 cm. 
(50.4 sq. cm.) 1380 1290 1200 1120 1040 
g cm. 
(63.8 sq. cm.) 1434 1340 1260 1160 1090 
10 cm. 
(78.6 sq. cm.) 1488 1400 1370 1200 1120 
10X10 cm. 
cm.) 1560 1380 1300 


* Back-scatter and i dose calculations are all based upon the tables and data of Quimby,’ and Quimby, ef a/.* 
+ S-N indicates distance from skin to estimated center of neoplasm. 


with india ink.® The center of the skin field 
should always be localized in relation to 
such fixed anatomic landmarks as angle of 
jaw, hyoid bone, superior cornu of thyroid 
cartilage or thyrocricoid membrane. By 
correlating the position of the tumor with 
these anatomic regions, accurate centering 
of the skin field is assured. For each treat- 
ment set-up such careful localization is 
absolutely necessary (Fig. 2 and 3). 

The selection of the size of cone is most 
important. For lesions of 2 cm. or less in 
diameter, as in cordal growths, or tumors 


are definite advantages in the use of cones 
over open portals. The end of the cone is 
placed against the skin of the patient, en- 
abling very accurate centering of the beam. 
In addition, the contact of the skin with 
the end of the cone keeps the patient aware 
of the treatment and thereby helps him in 
maintaining his fixed position. With open 
portals, and if the head is not carefully 
immobilized, the slightest movement by 
the patient may entirely misdirect the 
beam. 

For the cure of cancer by irradiation the 


= 
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tumor dose delivered must be adequate. 
Krom Tables iv and v it is apparent that 
with the smaller cones larger dosages must 
be delivered to the neck fields. For example, 
in a neck of 10 cm. thickness, to deliver 8 
threshold erythema doses to the tumor with 
10 by 10 cm. portals, a dosage of about 
3,500 r, measured in air, must be delivered 
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appearance. When a dosage of 3,000 to 
3,500 r (depending on the size of field used) 
is administered to each of the two fields, 
blistering and desquamation begin to ap- 
pear. In the majority of cases, within a 
period of about five days after completion 
of treatment, there is a very marked super- 
ficial ulceration which, with proper surgical 


TABLe V 


COMPARATIVE ANALYSIS OF TUMOR DOSAGE FOR DIFFERENT SIZES 


OF SKIN PORTALS AND TUMOR DEPTHS 


Transverse Diameter of Neck 10 cm. 
Skin to mid-point of larynx, 


dista cm. 


Size of Cone 


of 2 portals of 2 portals 


3000 r to each 4000 r to wath 5000 r to ends 3000 r to waned 4000 r to each 5000 r to each 
of 2 portals 


Transverse incites of Neck 14 cm. 
Skin to mid-point of larynx, 
distance} cm. 


_ of 2 portals | of 2 portals | of 2 portals 


and Area Tumor dose Tumor Dose Tumor dose | Tumor dose | Tumor dose | Tumor dose 
r |T.E.D.* E. Di | TE. D. r | T.E.D) | TE. D. r “TE. D. 
5.5 cm. | 
(23.8sq.cm.) 3576 5% 4758 7% | $960 gf | 2550, 4% | 3400 53 | 4250, 7 
6 cm. 
(28.3sq.cm.) 3576 5% | 4768 7% | 93 || 2550; 4% | 3400) 5} | 4250 
7 cm. 
(38.6 sq. cm.) 3840 si20, 8 10 2820; 4} | 3760| 6 | 4700| 7} 
8 cm. 
(50.4 sq. cm.) 4140 §520' 8} 6900 3120; 42 4160 6} 8 
g cm. } | 
(63.8 sq. cm.) 4302| 6} 5736, 83 103 3270, 4% | 4360) 6} 5450, 8} 
10cm. | | 
(78.6 sq. cm.) 4464 63 952 883 7440, II 3360 § 4480, 6% 5600 8} 
10X10 cm. | 
(100 sq. cm.) 4680 63 6240, 9} 7800 «113 3570; | 47601 5950, 83 


* Threshold erythema dose. 


to each of the two skin fields; for a 10 cm. 
diameter circular area the dosage would be 
3,750 r; for a 7 cm. circular area, 4,000 r; 
for a 5.5 cm. circular area, 4,200 r. 


COMPLICATIONS OF RADIATION 
TREATMENT 

The cutaneous reaction is a necessary re- 
sult of radiation treatment. The typical 
skin reaction begins with a slight erythema 
which usually makes its appearance be- 
tween the tenth and the fourteenth day of 
treatment. Gradually the erythema as- 
sumes a deeper red color and dries. During 
this stage it may present a definite leathery 


care, goes on to complete healing within a 
period of ten to fourteen days. It is impor- 
tant to care for the irradiation reaction as 
one would in any surgical case of severe 
burn. If the ulceration is allowed to dry, it 
becomes crusted and infected, and bleeds 
on the slightest manipulation. Such a con- 
dition is favorable to extensive infection, 
necrosis of the superficial layers and per- 
sistent ulceration (Fig. 4). 

In the surgical care of these reactions, we 
have found the following procedure very 
efficacious. The raw surface is cleansed with 
dilute hydrogen peroxide and sterile dis- 
tilled water, and then gently sponged with 
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Fic. 4. (See next page for description.) 
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Fic. 5. 4 (L.L.) Appearance of skin of neck five years after treatment. This patient received a total of 
3,000 r to each side of the neck through 10 cm. diameter open portals in twenty-four consecutive days. This 
is a minimal amount of skin change. 

B (L.B.) This patient presents considerably more skin atrophy, telangiectasia and submental edema 
than the patient in 4. In 1932 this patient received thirty-six consecutive daily treatments to each side of 
the neck through 10.5 by 10.5 cm. fields, equivalent to a total of 3,600 r to each field. In November, 1936, 
a proved recurrence was treated. Twenty-four consecutive treatments were given through 7.5 cm. diameter 
open portals for a total of 3,000 r to each portal. This photograph was taken ten years after the first treat- 
ment series and six years after the second. 


mineral oil. Gauze cut into desired shapes 
and sizes, either rectangular or circular, is 
heavily impregnated or overspread with an 
abundance of boric acid ointment. This 
sterile gauze is placed over the entire area of 
irradiation reaction. A dry dressing is fas- 
tened in place over this. (The application 
of sulfathiazole powder alone is not ad- 
vised as the powder dries and crusts, pro- 
ducing more suppuration, fissuring of the 
wound and greater discomfort to the pa- 
tient.) These dressings are changed at least 


once or twice a day. With this care the pa- 
tients have been very comfortable, and in 
most cases have been able to carry on their 
regular daily routines. We have not ob- 
served any complications. Complete heal- 
ing occurs in a period of ten to fourteen 
days, leaving a soft, pliable, and pale red 
skin. Gradually the redness blanches and 
the skin then begins to show varying de- 
grees of pigmentation. Eventually the pig- 
mentation disappears and telangiectasia 
appears (Fig. 5). 


Fic. 4. A series of photographs showing the appearance of the skin during the course of treatment and after 


healing. 4, nineteenth day of treatment, total of 4,750 r to each side of the neck. Treatment was completed 
on twentieth day at which time a total of 5,000 r was delivered to each side of the neck, through a cone 
5 cm. in diameter. B, appearance of erythema four days after completion of treatment. C, fifteen days after 
completion, there is definite blistering and central ulceration. D, twenty-two days after completion, ul- 
‘ceration is severe although healing along the periphery of the field has taken place. E, twenty-six days 
after completion, healing progressing. F, fifty-seven days after completion of treatment, ulceration 
completely healed, although the newly formed skin traumatizes easily as shown above. G, the appearance 
of the skin nineteen months after completion of treatment. 
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The mucosal reaction usually appears 
after the skin reaction has become definite. 
If a dosage of 3,500 to 4,000 r is delivered 
to each skin portal, the acute mucosal reac- 
tion begins to appear. The early visible 
manifestation of reaction in the mucous 
membrane is a reddening which may be ac- 
companied at times by lymphedema. Along 
with this the patient begins to complain of 
a “scratching sensation in the throat,” or 
a “‘sticking” or “lumpy” sensation. Later, 
as. the reaction becomes more intense, the 
act of swallowing is progressively more dif- 
ficult. The formation of the whitish mem- 
brane or coating over the laryngeal mucous 
membrane is comparable to the ulcerative 
stage of the irradiation reaction in the skin. 
It is interesting to note that even though 
the acute form of the mucositis appears 
later than the skin ulceration it is of shorter 
duration. 

Early in the development of the mucous 
membrane reaction, an increased amount 
of mucus is formed. Frequently this is ac- 
companied by spasmodic coughing. As the 
mucositis abates, the viscidity of the secre- 
tion is lessened and the symptoms of 
“hawking” and spasmodic cough disappear. 
Treatment directed at cleansing the mouth 
and dissolving oral and hypopharyngeal 
secretions aids greatly in alleviating dis- 
comfort during this stage of the reaction. 
Irrigations carried out at intervals of from 
two to three hours with a solution of sodium 
bicarbonate and salt or alcaroid in luke- 
warm water are quite helpful. At night the 
patient is instructed to carry out the irriga- 
tion only when awake. 

Dyspnea is seldom observed except in 
cases of bulky supraglottic tumors or ad- 
vanced disease. In this series of cases, it 
was necessary to perform a tracheotomy in 
4 cases shortly after treatment. All 4 pa- 
tients died. In 1 case, two months after the 
completion of treatment, the patient died 
of strangulation because of refusal to per- 
mit a tracheotomy. At autopsy the strangu- 
lation was found to be due to stenosis of 
the larynx by residual cancer and lymph- 
edema. In 5 patients a tracheotomy was 
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performed before the institution of treat- 
ment, and 2 of these patients are living and 
well five years or more after treatment. In 
another case, it was necessary to perform a 
tracheotomy five days after beginning 
treatment because of marked dyspnea. 
This patient died five days later of a diffuse 
cellulitis originating in the tracheotomy 
wound. As a result of this and other tragic 
experiences, we are extremely pessimistic 
whenever tracheotomy becomes necessary 
during the course of irradiation. We have a 
rule which we try very hard to live up to; 
namely, whenever our preliminary studies 
suggest that obstruction may develop, trache- 
otomy is done immediately and irradiation 
is not started until healing is complete. To 
disobey this rule is to court fatal complica- 
tions. 

Dysphagia, which occurs at the height 
of the irradiation reaction, is of limited im- 
portance in intrinsic laryngeal cancer. 
When the cancer is in the region of the 
arytenoids, dysphagia may be quite pro- 
nounced, because the reaction is usually 
most intense at the tumor site. With a 
bulky lesion, the difficulty in swallowing is 
naturally greater. Lymphedema of the 
arytenoids, aryepiglottic folds, and _piri- 
form sinuses is not infrequently observed 
and when it occurs, there may be marked 
mechanical dysphagia. In our experience, 
we have observed this association not only 
during the treatment but also weeks and 
months after completion of treatment 
(Fig. 6). Anesthesin lozenges or powders 
will relieve soreness when it is due to reac- 
tion at the base of the tongue.* When 
dysphagia interferes with nutrition, nasal 
tube feedings may be instituted. During 
the acute stage of the mucous membrane 
reaction, and especially in the presence of 
lymphedema of the arytenoids and the 
piriform sinuses or where bulky disease is 


* A powder which was suggested to us by Dr. F. L. Follweiler, 
and which we have employed with excellent results, may be com- 
pounded as follows: codeine phosphate gr. }; benzocaine, gr. 1; 
acetphenetidin, gr. 2; acetylsalicyclic acid (pulv.), gr. 2. A half or 
a full chartula is placed on the back of the tongue and allowed to 
dissolve fifteen minutes before eating. This produces a superficial 
anesthesia which allows the patient to swallow soft and liquid 
foods with very little discomfort. 


‘ 


Fic. 6. 4 and B, lateral roentgenograms demonstrating a marked degree of edema of the arytenoids and the 
postcricoid space. In B, encroachment on the upper end. of the esophageal lumen is revealed by barium. 
This patient had a squamous cell carcinoma, Grade 2, involving one cord and was treated in December, 


1939. These roentgenograms were taken in March, 1940. The edema persisted for approximately one year 
and then gradually subsided. 


present, utmost care should be observed 
when using a feeding tube that remains in 
place for several days. Sloughing of the 
hypopharyngeal or crico-esophageal mu- 
cous membrane may occur due to pressure 
necrosis. Nasal tube feeding formulae 
should be adequate in caloric content and 
should include vitamins and pureed vege- 
tables. It is rarely necessary to resort to 
parenteral feeding. 
Radionecrosis is infrequently observed 
with roentgen therapy alone, being more 
commonly encountered when supplemen- 
tary interstitial irradiation is used. In the 
presence of severe infections, however, ra- 
dionecrosis may occur. When tumor has 
invaded cartilage the ensuing chondritis 
usually results in sloughing. We have ob- 


served this in one patient who is now free 
of disease five years after treatment. He 
received a total dosage of 3,125 r to each 
side of the neck through 12.5 by 12.5 cm. 
fields, and on completion of the treatment 
he developed repeated attacks of erysipelas 
of the skin of the face and neck, prolonging 
and severely complicating the cutaneous 
reaction. Approximately four to six months 
later, sloughing of the laryngeal structures 
occurred with extrusion of cartilage and 
production of laryngeal obstruction, neces- 
sitating a tracheotomy. The sloughing and 
extrusion continued for a period of about 
three years and ended in complete loss of 
all laryngeal cartilages. This is the only 
case in the series in which this has occurred. 
Occasionally in cases necessitating re- 
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Fic. 7. These roentgenograms illustrate the rare complication of radionecrosis and sloughing of the laryngeal 
cartilages. This patient had an extensive squamous cell carcinoma, Grade 3. He was given treatment 
through two lateral neck fields, 8 cm. diameter cones, 3,875 r total to each field. Seven months later re- 
current laryngeal disease and cervical metastases were proved. A second course of treatment was given. 
A shows the appearance of the larynx prior to the first treatment series. In B sixteen months later, a great 
portion of the laryngeal cartilage had been destroyed and extruded as is shown by the air space. 


treatment, a varying degree of superficial 
necrosis of tumor on the cord or ventricular 
band is observed (Fig. 7). 

Hemorrhage has not occurred in any of 
the cases in this series. Recently we have 
observed one patient in whom a fatal 
hemorrhage resulted during the course of 
treatment. As no postmortem examination 
was obtained, the cause of this hemorrhage 
was not determined. It is believed, how- 
ever, that in all probability the tumor had 
eroded one of the larger laryngeal or 
pharyngeal vessels. 

Xerostomia, the drying of salivary secre- 
tion, may be produced when large fields, 
which include the submaxillary and parotid 
regions, are used. This complication has 
been observed in a number of patients, al- 
though in those cases receiving radiation 
through a small field it was not encoun- 
tered. In a number of cases, the decrease in 
the production of saliva resulted in the ac- 
cumulation of inspissated secretions, which 
caused symptoms of hawking, discomfort 


in the throat, and, in 2 cases, persistent 
hoarseness. In the latter 2 cases, the secre- 
tions were found overlying the cords and on 
the upper ventricular membranes. Oral ir- 
rigations with bicarbonate of soda and ap- 
plications of gomenol to the mucous mem- 
branes at frequent intervals gradually re- 
lieve this condition. When the secretory 
glandular function has not been completely 
destroyed, it is possible to stimulate secre- 
tions by chewing gum or lemon peel, and 
by massaging over the glands. 

Submental lymphedema is not infre- 
quently observed and except for the result- 
ing disfigurement is of no consequence. Im- 
mediately after treatment lymphedema 
may be quite marked; it may continue in- 
termittently and to a varying degree for 
months or possibly years. 

Voice after Irradiation. We fully realize 
that voice to a great many people is indis- 
pensable and economically may be of pri- 
mary importance. Nevertheless, we wish 
to emphasize that the restoration of voice 
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is merely of incidental importance and 
should not be a major consideration in the 
selection of the treatment method for can- 
cer of the larynx. 

During the height of the irradiation mu- 
cositis all patients develop a varying degree 
of hoarseness and not infrequently some 
become temporarily aphonic. As the irra- 
diation mucositis subsides the voice begins 
to return and after complete healing it may 
return to its original quality. In some cases, 
there may be so slight a change in pitch 
that it is unnoticed by the patient or his 
friends. 

In one of our patients treated in 1935, 
now a seven year survival, free of disease, 
complete aphonia had been present for 
more than twelve years before the institu- 
tion of roentgen treatment. During those 
years the constant laryngoscopic finding 
was that of fungating carcinoma, though 
repeated biopsies resulted in identification 
of the desmoplastic reaction and histologic 
interpretation of the pathologic process as a 
“fibroangioma.” Finally a biopsy in 1935 
showed a definite squamous cell carcinoma, 
Grade 2. Following roentgen treatment the 
voice gradually improved and now is of 
excellent quality and carrying power. 

Where the disease is extensive and de- 
struction of the cords has occurred prior 
to the treatment, definite impairment of 
voice is an unavoidable sequela. The degree 
of impairment depends on the amount of 
destruction. In some cases, there is an 
actual narrowing of the glottic chink due 
to marked cicatrization because of exten- 
sive destruction of the cords, especially 
when the disease is in the region of the an- 
terior commissure. 

When it becomes necessary to repeat a 
course of treatment for a recurrence, a 
very marked impairment of voice is to be 
expected. Both the quality of voice and its 
carrying power may be greatly impaired. 
In these cases the voice may be barely 
more than an audible whisper. 


RESULTS OF TREATMENT 


Reports on one method of treatment 
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alone are of necessity based on a selected 
group of cases. We wish to emphasize that 
studies and reports of end-results in cancer, 
of whatever anatomic region, should be 
based on ail cases seen regardless of the ex- 
tent of disease or method of treatment. 
Nevertheless, an analysis of results in such 
a selected group yields important data on 
the efficacy of the particular method of 
treating the various stages and anatomic 
varieties of the disease. 

As for cancer in general, treatment of 
laryngeal cancer may be by surgery, by 
irradiation, or by a combination of the two 
methods. Each procedure has certain indi- 
cations and advantages, and therefore a 
place in the scheme of treatment. These 
methods of treatment are not competitive. 
That particular method should be selected 
which, in the individual case, offers the pa- 
tient the greatest chance of survival. While 
emphasizing their non-competitive status, 
we feel that an analysis of the results of an 
individual treatment method is permissible 
for it may help in defining the indications 
used in the selection of the particular treat- 
ment modality. 

Table vi epitomizes the results in this 
series of cases. Of the 23 cases classified as 
intrinsic, 9 died of the disease. Thirteen 
have been free of disease five years or more. 
This constitutes a five year survival of 59 
per cent. Of the 13 cases classified as ex- 
trinsic, 9 died of cancer. One died nineteen 
months after treatment of heart disease 
without evidence of cancer, either recur- 
rent or metastatic. Only 3 patients remain 
living and free of disease five or more years 
after treatment, for a five year survival 
rate of 25 per cent. 


RECURRENCES 


In the intrinsic group there were 4 re- 
currences. In the first case a laryngofissure 
was performed for an ulcerating squamous 
cell carcinoma, Grade 4, involving the an- 
terior two-thirds of the left cord. Eight 
months later a recurrence was verified his- 
tologically. A full course of roentgen ther- 
apy, 3,000 r to each side of the neck, was 


ph. 
fe 
a 
, 
> 
2 


John V. Blady and W. Edward Chamberlain 


Tasie VI 
FIVE YEAR END-RESULTS 
1931 to 1937 Inclusive 


Ex- 
trinsic ‘trinsic 
Cancer Cancer 


Total Number of Patients 23 13 


In- 


Indeterminate Group 
A. Dead as a result of other 
causes without recurrence or 
metastases 
B. Lost track of without re- 
currence 


Total number of indeterminate 
group 


Determinate Group 
Total number of cases minus 
those of indeterminate group 


Failures of Treatment 
Dead as result of cancer 


Successful Results 
Free of disease after five years 
or more 13 3 


(3/12) 


2570 


Net Five Year End-Results 
(successful results divided by 
determinate group) 


(13/22) 


59% 


* These 2 cases are classified indeterminate inasmuch as these 
patients died a year after treatment of natural causes other than 
cancer and at the time of death, there was no evidence of re- 
currence or metastasis. These cases are of no value in determin- 
ing the efficacy of a treatment method and therefore are not con- 
sidered in the statistical end-result evaluation. 


given through 10 by 10 cm. fields. Ten 
months later, a second recurrence was 
noted and a laryngectomy was advised but 
refused by the patient. A tracheotomy was 
performed and roentgen therapy was ad- 
ministered, 75 r daily through a 7.5 by 7.5 
cm. anterior neck field, for a total dose of 
only goo r. This patient died fifteen months 
later of local and metastatic disease. 

The second case was a squamous cell 
carcinoma, Grade 3, recurring fourteen 
months after a full course of roentgen treat- 
ment consisting of 3,500 r total to each side 
of the neck through 7.5 cm. circular fields. 
The biopsy was positive. A second course 
of roentgen therapy was not given im- 
mediately. Nineteen months later roentgen 
therapy was started but the patient died of 
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a lobar pneumonia during the course of 
treatment. 

A third case developed a _ recurrence 
eight years and two months after com- 
mencement of first treatment series. At the 
time of recurrence, November, 1941, he 
was eighty-two years of age and a biopsy 
revealed a squamous cell carcinoma, Grade 
2. This patient received a second course of 
roentgen therapy in December, 1941, and 
at the last examination in November, 1942, 
there was no evidence of recurrent disease. 

In the fourth case a recurrence and a 
metastasis to a mid-cervical node was vari- 
fied histologically two years after the orig- 
inal treatment of 3,125 r total to each side 
of the neck for a squamous cell carcinoma, 
Grade 3. A second course of treatment con- 
sisting of 3,875 r to each side of the neck 
was given. In addition to this external irra- 
diation, the metastatic node was surgically 
exposed and radon seeds were implanted. 
This patient has remained alive over five 
years after the original treatment and up 
to the present time is free of further recur- 
rence and metastases. 

Of the extrinsic group 9 died of laryngeal 
disease. The question of recurrence is diffi- 
cult of evaluation as 6 of these patients had 
metastases on admission, while 2 started 
treatment but died before completion. The 
average survival for the group completing 
treatment (7 cases) was eighteen months. 


SUMMARY 


This paper presents an analysis and a 
five year survival study of all cases of 
cancer of the larynx treated at Temple 
University Hospital Roentgen and Radium 
Therapy Department between 1931 and 
1937. The technique of roentgen treatment 
and its complications are fully discussed. 

An arbitrary classification which recog- 
nizes two distinct varieties of laryngeal 
cancer is used. So-called intrinsic cancer is 
predominantly of squamous cell, Grade 2, 
variety, whereas the extrinsic is usually of 
Grade 3 or 4. Squamous cell carcinoma, 
Grade 2, is a radiosensitive growth when 
limited to the intrinsic larynx. It is of 
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interest to note that of the 4 recurrences in 
the intrinsic group 3 were Grade 3 and 1 
was Grade 2. 

Metastases are infrequently observed in 
intrinsic laryngeal cancer. Of our cases 
which did not develop metastases at any 
time, 71 per cent survived more than five 
years. Of the extrinsic group 46 per cent had 
metastases on admission and none of these 
patients survived. 

For the intrinsic group treated by roent- 
gen irradiation, the net five year survival 
without evidence of recurrent or metastatic 
disease is $9 per cent, while for the ex- 
trinsic group it is 25 per cent. 
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IRRADIATION SICKNESS* 


A HYPOTHESIS CONCERNING THE BASIC MECHANISM AND A STUDY 
OF THE THERAPEUTIC EFFECT OF AMPHETAMINE 
AND DEXTRO-DESOXYEPHEDRINE 


By E. L. JENKINSON, M.D., and W. H. BROWN, M.D. 
CHICAGO, ILLINOIS 


RRADIATION sickness is defined as a 

feeling of sickness, with acute general 
symptoms, which sometimes follows the 
application of massive doses of roentgen 
and radium rays. The present study is 
limited to the use of roentgen rays. The 
syndrome of irradiation sickness may in- 
clude variable degrees of weakness, ex- 
haustion, lassitude, anorexia, nausea, and 
vomiting. Manifold explanations of the 
etiology of irradiation sickness include (a) 
the effect of gases produced by the high 
tension electric field; (4) the effect of the 
electric field surrounding the patient; (c) 
chemical changes produced in the body; 
(d) absorption of products of cell destruc- 
tion; (e) sympathetic-parasympathetic 
nervous system imbalance; (/) injury of 
the suprarenal glands; (g) injury of sym- 
pathetic or parasympathetic nerves or 
nerve endings; (4) nervous strain or psychic 
influences, and (7) destruction of intestinal 
mucosa. 

None of these theories has offered a 
comprehensible explanation of the basic 
mechanism. Therapeutic measures are var- 
ied and controversial. Steinberg*® recently 
reviewed the medical literature and be- 
lieves that no therapeutic measure is 
specific and found that the recently advo- 
cated use of thiamine chloride had little 
effect in either the prophylaxis or treat- 
ment of radiation sickness. Whitmore’ re- 
ported the favorable effect of thiamine 
chloride combined in some instances with 
concentrated liver extract and calcium 
salts. A detailed review of the diverse me- 
thods and therapeutic agents used in the 
treatment of irradiation sickness may be 
found in the aforementioned and other 
articles, and will not be reiterated. 


CLINICAL EFFECT OF AMPHETAMINE 
AND DEXTRO-DESOXY EPHEDRINE 
ON IRRADIATION SICKNESS 


The study of the present series of pa- 
tients with irradiation sickness was ini- 
tiated because of the prevalence of physical 
incapacity among patients receiving in- 
tensive roentgen therapy despite accepted 
therapeutic measures. Ambulatory pa- 
tients receiving prophylactic irradiation of 
the trunk regularly manifested marked 
weakness, lassitude, nausea, and occasional 
vomiting. Interference with occupational 
or other activities often was undesirable 
even though interruption of irradiation was 
not required by the severity of symptoms. 
The favorable effect of amphetamine? on 
various asthenic states suggested possible 
benefit in irradiation sickness. The use of 
amphetamine was also suggested by its 
effectiveness in the prophylaxis and treat- 
ment of symptoms of seasickness, symp- 
toms which some patients described as very 
similar to irradiation sickness. An inhibit- 
ing effect on the gastrointestinal tract in- 
dicated possible benefit to the nausea and 
vomiting. Dextro-desoxyephedrinet was 
studied because of its similarities to amphe- 
tamine. Evaluation of the relative effective- 
ness of the two drugs was not attempted. 

The present study was limited to the 
therapeutic effect of amphetamine and 
dextro-desoxyephedrine on irradiation sick- 
ness and excludes the possible prophylactic 
effect. Neither drug was administered 
until patients demonstrated definite symp- 


+ Benzedrine sulfate brand of Amphetamine manufactured by 
Smith, Kline and French Laboratories, Philadelphia, Pennsyl- 
vania, used in this study. 

t A new drug, limited by Federal Law to investigational use, 
supplied through courtesy of Abbott Labor atories, North Chi- 
cago, Illinois. 


* Presented at the meeting of the Michigan State Medical Society, Detroit, Mich., Sept. 23-25, 1943- 
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toms of irradiation sickness during the 
course of roentgen therapy. The drugs 
were seldom introduced until patients com- 
plained of severe weakness, considerable 
nausea and occasional vomiting. A few pa- 
tients received other medications from 
referring physicians. These medications 
were maintained inasmuch as their failure 
in preventing irradiation sickness implied 
little confusion in evaluation of the thera- 
peutic effect of amphetamine or dextro- 
desoxyephedrine. 

Accurate evaluation of any therapeutic 
agent in irradiation sickness is difficult and 
must be based on subjective symptoms of 
the patient. In the present series, the pa- 
tient’s general physical condition prior to 
the course of roentgen therapy was noted. 
The condition was designated “‘good”” when 
the patient was able to carry on normal 
activities; “fair” indicated partial limita- 
tion of activities or a semi-invalid; whereas 
“poor” or “terminal” designated bed- 
ridden often requiring hospitalization. 

The technical factors used in the roent- 
gen therapy of patients who manifested 
symptoms of irradiation sickness were 
similar in all cases. The kilovoltage was 210 
kv. (peak). The area varied in size from 125 
to 400 sq. cm. The skin-target distance was 
20 inches. Filter factors varied from 0.5 mm. 
copper to a Thoraeus 2 filter (equivalent to 
2 mm. Cu). Daily treatments were given 
five or six times a week. The treatment dose 
varied from 200 to 430 roentgens measured 
in air at skin distance. The maximum 
number of treatments per series was thirty- 
six and the largest series dose was 7,600 r. 
The onset of symptoms varied from the 
first to the thirteenth treatment. 

The therapeutic effects of the adminis- 
tration of amphetamine or d-desoxyephe- 
drine was designated as “‘good”’ if a definite 
remission of symptoms immediately fol- 
lowed. These patients were able to resume 
activities essentially the same as had been 
possible prior to the beginning of roentgen 
therapy. The therapeutic response was 
designated as “fair” when there was little 
improvement in the symptoms of irradia- 
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tion sickness whereas the severity did not 
progress to cause interruption of irradia- 
tion. The patients who had a “negligible” 
response were those who developed symp- 
toms of unusual severity requiring inter- 
ruption or termination of roentgen therapy 
despite the use of either drug. The ther- 
apeutic effect of amphetamine or dextro- 
desoxyephedrine on 69 patients with symp- 
toms of radiation sickness is summarized in 
Table 1. 
Tas_e 
THERAPEUTIC EFFECT OF AMPHETAMINE AND 
D-DESOXYEPHEDRINE ON THE SYMP- 
TOMS OF IRRADIATION SICKNESS 


Response 
| Good | Fair | Negli- Total 
gible 
Amphetamine eet 5 | I 27 
d-Desoxyephedrine | 5 3 | 4 
Total | _ 69 


(80%) (1. (14%) 6%) 


Several patients illustrate the Doniidi 
therapeutic response of the majority. One 
patient received prophylactic roentgen 
therapy after an orchidectomy revealed a 
seminoma. He received thirty-six treat- 
ments, each 200 r, within forty-four days, 
for a total of 7,200 r. Six areas were treated, 
each 20 by 20 cm., covering the anterior 
and posterior pelvis, upper abdomen, and 
thorax. Severe symptoms by the thirteenth 
treatment included marked weakness and 
repeated vomiting. Following medication 
with d-desoxyephedrine the patient re- 
sumed difficult physical labor throughout 
the last twenty treatments of the series. 
Another patient receiving roentgen therapy 
after a radical mastectomy had severe 
symptoms of roentgen sickness and was 
limited to 300 r applied to the thorax on 
alternate days. Following the administra- 
tion of amphetamine the patient was able 
to tolerate two treatments daily, or a total 
of 600 r applied to the thorax each day. 
One patient with a lymphatic leukemia 
and another with a myelogenous leukemia 
had prostrating symptoms of irradiation 
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sickness. which were well controlled with 
d-desoxyephedrine. 

Ten of the 69 patients had no apparent 
improvement of the symptoms of irradia- 
tion sickness after administration of am- 
phetamine or d-desoxyephedrine. They 
were, however, able to continue roentgen 
therapy without interruption. Six of these 
patients had extensive metastases. Only 1 
of the 10 patients had an erythrocyte count 
above four million. One patient had severe 
menopausal symptoms. 

All 4 patients with a “negligible” re- 
sponse to the administration of ampheta- 
mine or d-desoxyephedrine had extensive 
metastases and 3 were in a terminal state. 
The other had symptoms of gastrointes- 
tinal obstruction at the beginning of roent- 
gen therapy. 

The dose and method of administration 
of either drug are of utmost importance and 
must be varied according to the require- 
ments of the individual patient. The first 
dose is given thirty minutes before break- 
fast during which time the patient remains 
in bed; the second dose is given at noon 
and the third at 4 p.m. Five to 10 mg. of 
amphetamine or 2.5 to 5 mg. of d-desoxy- 
ephedrine is given per dose, depending upon 
the size of the patient and the severity of 
the symptoms. The initial dose is fre- 
quently larger than the other two. The 
usual method is to begin with smaller doses 
and increase until the therapeutic effect 
is obtained. The total daily dose does not 
exceed 30 mg. of amphetamine or 20 mg. 
of d-desoxyephedrine. Both are adminis- 
tered orally. No serious side effects were 
noticed. An occasional patient required a 
barbiturate to obtain adequate rest at night. 
The use of either amphetamine or d-des- 
oxyephedrine was terminated within three 
days after the last roentgen treatment. No 
evidence of habit formation was found. 


MECHANISM OF ROENTGEN SICKNESS 


The present study concerning the favor- 
able therapeutic use of amphetamine and 
dextro-desoxyephedrine demonstrates the 
need for a hypothesis which explains the 
mechanism of irradiation sickness and the 
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beneficial effect of diverse therapeutic 
methods and agents. The proposed hy- 
pothesis i is suggested by recent concepts of 
incipient forms of shock in which the basic 
mechanism is an increased capillary perme- 
ability caused by various traumatic agents. 
Irradiation sickness, however, is not iden- 
tical with the usual forms of shock because 
of several factors: first, there is no external 
blood loss; second, the trauma is relatively 
minor but repeated over a protracted in- 
terval of time in contrast to common forms 
of rapidly developing shock caused by vio- 
lent trauma. Lesser degrees of trauma re- 
peatedly applied over a longer time permit 
modification of typical shock by compensat- 
ing mechanisms of the body. Irradiation sick- 
ness, therefore, is similar to incipient shock 
modified by the fact that changes occur 
over a period of days or weeks instead of 
minutes or hours. The basic mechanism of 
irradiation sickness will be designated as an 
increased capillary permeability. The non- 
descriptive term “shock”’ is confusing and 
designates a variety of clinical syndromes. 
The mechanism of radiation sickness is 
diagrammatically presented in Figure 1. 
Roentgen rays may increase capillary 
permeability in two ways. One is the direct 
effect on capillaries within the direct path 
of the roentgen rays. The other is the 
destructive effect on pathological cells 
liberating certain products of cell break- 
down which have a foreign protein or hista- 
mine-like reaction and cause a generalized 
increase in capillary permeability. This 
histamine-like reaction is probably present 
only when there are pathological cells or 
when the exposure of normal cells to 
roentgen rays is of sufficient intensity to 
have a lethal effect. The direct effect of 
roentgen rays on normal capillaries ap- 
parently is present whenever living tissue 
is irradiated. Pendergrass and Hodes? refer 
to experiments by Hodes and Griffith 
which demonstrated a marked dilatation 
and hyperemia in living tissues appearing 
soon after irradiation. Rigdon and Curl* 
discuss the mechanism and present experi- 
mental evidence of increased capillary per- 
meability following irradiation. The direct 
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General increased 


Urticariaze—— | capillary permeability 


Products of defi- 
cient oxidation 


Tissue anoxia 


Reduced delivery 
of oxygen 


Capillary bed’ 
Emotional reac- 
J tions 
Capillary atony Cachexia 
Local increased ca- Debilitati 
pillary permeability 
VY 
Deranged fluid bal- 
ance Acidosis 
Tissue retention 
of chlorides 
Decreased circulat- 
ing plasma *Oligemia 


Y 


Reduced circulating 
blood volume 


peAnemia 


Reduced volume 
flow 


Weakness 


Stasis in the 


Skin pallor 


visceral capillaries 


Splanchnic dilatation 


Engorgement of mucous membranes of 
gastrointestinal tract 


Disturbance of absorptive 


mechanism 


Nausea 


Fic. 1. Diagram showing mechanism of irradiation sickness. 


effect of irradiation results in capillary 
permeability only in those tissues in the 
path of the roentgen rays. The toxic prod- 
ucts of cellular disintegration probably affcct 
all capillaries regardless of whether or not 
they are in the path of the roentgen rays. 
The mechanism of the development of 
irradiation sickness is initiated by the in- 


—» Diarrhea 


omiting 


creased permeability of the capillaries and 
a consequent diffusion of plasma fluids into 
the tissue spaces so that there is a disturb- 
ance of the intracellular and extracellular 
equilibrium of the electrolytes and fluids. 
This deranged fluid balance is followed by 
local congestion, edema, and stasis of cir- 
culating blood. A vicious cycle is intro- 
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duced by the subsequent reduced blood 
volume, decreased blood flow, insufficient 
delivery of oxygen, tissue anoxia, and the 
preducts of deficient oxidation which in- 
crease the damage to the capillary walls 
and perpetuate the condition. Of these 
changes, the local oligemia, injury to the 
capillary endothelium, and anoxia are of 
basic importance. Any factor which pro- 
motes these changes perpetuates the cycle. 
The products of deficient oxidation which 
are released from tissues localized in the 
direct path of the roentgen rays may thus 
cause a generalized increased capillary 
permeability similar to the effect of the 
toxic products of cellular disintegration. 

The initiation and perpetuation of this 
cyclic mechanism of irradiation sickness is 
modified by many variable factors. These 
can be divided into two groups: the first 
includes the factors which modify the de- 
gree of insult and the second, factors which 
influence the individual’s susceptibility. 

The following factors influence the de- 
gree of insult: 

(a) The number of capillaries per volume 
of tissue in the irradiated region has a 
direct influence. The epigastric region or 
splanchnic reservoir is the largest capillary 
bed in the body and irradiation in this 
region should cause the most severe irra- 
diation sickness. Capillary beds in the me- 
diastinum and lung fields are next in order 
of size, whereas the lower abdomen prob- 
ably ranks third. This relative size of the 
capillary beds of the three regions men- 
tioned coincides with the relative severity 
of symptoms following irradiation of these 
regions. The capillary beds of the extremi- 
ties are limited in comparison and are well 
supported by the muscles, the actions of 
which tend to prevent dilatation and stasis 
of the capillaries. Irradiation of extremities 
seldom causes irradiation sickness except 
in the presence of a large tumor. 

(4) The number of capillaries lying in 
the path of the roentgen rays in any given 
region is directly affected by the size of the 
field. This is controlled by the size of the 
cone or shield used. Larger fields cause more 
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severe symptoms of irradiation sickness. 

(c) The depth dose has a direct effect on 
increased capillary permeability, whereas 
the skin dose has no relationship to the 
quantity of radiation delivered to the large 
capillary beds within the trunk portion of 
the body. 

(2) The time interval between treat- 
ments influences the degree of recovery of 
the irradiated capillaries and allows certain 
compensatory mechanisms to function. 

The following factors influence the indi- 
vidual susceptibility : 

(a) Nervous and emotional characteris- 
tics of different individuals influence their 
susceptibility to irradiation sickness. In- 
creased capillary permeability occurs in 
people with an unstable nervous mecha- 
nism as manifested by instances of urticaria 
or fainting following fright or minor trauma. 

(6) The presence and character of patho- 
logic cells subjected to irradiation has con- 
siderable effect on irradiation sickness. 
Radiosensitive tumors have a more massive 
liberation of cellular breakdown products 
and more severe symptoms result. 

(c) Anemia is a predisposing factor, since 
any decrease in the number of circulating 
erythrocytes reduces the oxygen-carrying 
capacity of the blood. 

(d) Debilitation, cachexia, and dehydra- 
tion predispose to irradiation sickness by 
their alteration in fluid balance, blood 
chemistry and general body resistance. 

(e) Capillary fibrosis resulting from pre- 
vious roentgen therapy probably alters the 
degree of increased capillary permeability 
caused by future irradiation. 

(f) Changes in the suprarenal glands may 
be responsible for differences in suscepti- 
bility to irradiation sickness. Under normal 
conditions, the suprarenal gland is thought 
to produce sufficient cortin or a similar 
substance to maintain cellular permeability. 
Under stimulation by an insult, it is neces- 
sary to secrete an excessive amount of this 
protective substance. This is thought to 
exhaust the cortical lipids which return in 
about twenty-four hours and which are 
then followed by enlargement of the supra- 
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renal cortex and increased vacuolation. 

Frequently repeated mild insults may 
thus cause a suprarenal hyperplasia result- 
ing in progressively increased resistance. 
However. long-continued insults, even of a 
mild nature, may lead to suprarenal ex- 
haustion and atrophy with the result that 
the individual is extremely susceptible to 
many minor insults, especially to hista- 
mine-like substances. 


CORRELATION OF SYMPTOMS WITH 
THE MECHANISM OF IRRADIATION 
SICKNESS 


The symptoms of irradiation sickness 
can be correlated with the hypothesis of 
increased capillary permeability as the 
basic mechanism. Increased permeability 
of the capillaries of the skin and subcutane- 
ous tissues can account for the occasional 
urticaria or purpura. The variable derange- 
ment of the fluid balance explains changes 
of varying degrees in the blood chemistry, 
the chloride retention of the tissues, oc- 
casional acidosis and dehydration. Changes 
in the fluid balance are aggravated by 
vomiting and diarrhea. It may be possible 
for irradiation to produce an apparent ane- 
mia on the basis of stasis in the visceral 
capillaries and splanchnic reservoir fol- 
lowed by a compensatory dilatation in the 
peripheral circulation. Muscular weakness 
and occasional skin pallor are readily ex- 
plained by the generalized reduction in 
peripheral circulation causing a loss of 
muscle tone. 

Some of the more serious symptoms of ir- 
radiation sickness can be explained on the 
basis of reduced blood flow which causes a 
stasis in the visceral capillaries and a 
splanchnic dilatation. This is accompanied 
by engorgement of the mucous membrane 
of the gastrointestinal tract and related 
organs causing a profound disturbance of 
the entire digestive and absorptive mech- 
anism with symptoms of anorexia, nau- 
sea, vomiting, and diarrhea. A mucositis 
caused by direct irradiation of the small 
and large intestines contributes to the 
gastrointestinal symptoms. 
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CORRELATION OF PREVIOUS THERAPEUTIC 
MEASURES WITH THE MECHANISM 
OF ROENTGEN SICKNESS 


Inconstant success of many therapeutic 
measures for treatment of irradiation sick- 
ness has been reported in the medical lit- 
erature. The formation of ozone was once 
thought to cause irradiation sickness. The 
treatment consisted of the application of a 
facial mask to exclude the ozone while 
respiration was maintained by inhalation 
of oxygen. This form of therapy appears to 
have been of transient benefit to anoxemia. 
Adrenalin and ephedrine have been used 
and probably were beneficial in temporarily 
combating splanchnic dilatation. Their 
value is limited by the short duration of 
action and the ill effects of peripheral ar- 
teriolar vasoconstriction. The use of intra- 
venous fluids has been of limited value in 
augmenting the plasma volume and re- 
placing circulating electrolytes. Sedatives 
have been useful in some patients to reduce 
the psychic element and the instability of 
the nervous system. Liver extracts have 
probably had their greatest value in the 
presence of an anemia. Other supportive 
measures combat debilitation, cachexia, 
and dehydration. Vitamin B preparations 
are thought to aid in the metabolism of the 
products of cell disintegration. Changes in 
the small intestine in so-called deficiency 
states indicate that vitamin B preparations 
may influence the digestive mechanism. 
The use of the fractional dose method of 
combating irradiation sickness is successful 
insofar as the time interval allows compen- 
satory mechanism to function. The recent 
report® of the beneficial effect of desoxy- 
corticosterone acetate in the management 
of irradiation sickness may be due to the 
direct influence of this synthetic hormone 
on capillary permeability. 


DISCUSSION OF THERAPEUTIC EFFECTS 
OF AMPHETAMINE AND D-DESOXY- 
EPHEDRINE 
Observation of the value of ampheta- 
mine and d-desoxyephedrine in the treat- 
ment of irradiation sickness preceded the 
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development of the hypothesis concerning 
the basic mechanism. Therefore, detailed 
information from hematocrit readings, 
capillary permeability tests, blood chemis- 
try values, and other pertinent data which 
might give further support to the hypothe- 
sis, was not obtained at the time of irra- 
diation. However, a retrospective study of 
the patients reveals several pertinent ob- 
servations. 

The value of amphetamine in irradiation 
sickness is suggested by some of its pharma- 
cological actions. A protocol‘ including 
many reports on all aspects of the drug is 
the basis for evaluation of the properties 
of amphetamine. Consideration of its prop- 
erties is limited to responses obtained by 
doses within the therapeutic range as used 
in this study. Animal experiments have 
demonstrated the value of the drug in vari- 
ous types of vasomotor collapse. A marked 
increase in venous tone has been found. 
There is no appreciable peripheral vasocon- 
striction such as that caused by epineph- 
rine. The consensus of the medical litera- 
ture is that oral doses of less than 2 mg. 
of amphetamine have little effect on blood 
pressure in humans unless the pressure is 
previously lowered. The leukocyte and 
erythocyte counts are considerably in- 
creased by administration of amphetamine 
to dogs and rabbits. This effect is due to 
splanchnic constriction, since it does not 
occur in splenectomized animals. Removal 
of the suprarenal glands does not diminish 
the response. Animal experiments reveal 
that contraction of the spleen begins a few 
minutes after injection of the drug, attains 
its maximum in thirty minutes, and i 
maintained as long as six hours. A reduction 
in spleen size averaging 32 per cent one 
hour after subcutaneous administration of 
15 mg. has been observed in normal hu- 
mans. The blood count is often increased, 
apparently due to mobilization of blood 
cells from the splanchnic region. The ef- 
fect is variable, the leukocytes are affected 
more than the erythrocytes. Amphetamine 
has a diuretic effect on the kidneys, in 
contrast to epinephrine and ephedrine. A 
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direct effect on capillary and cellular per- 
meability has not been demonstrated. 
Amphetamine tends to decrease oxygen 
consumption and inhibits the depressor 
effect of experimental anoxia. The effect 
on the gastrointestinal tract is variable, 
although a generalized relaxation and in- 
hibition of movement, especially in the 
lower segments, has been observed. Oral 
doses of 20 to 30 mg. have been shown to 
relax the colon. The action of amphetamine 
is prolonged and traces of the drug may 
be found after twenty-four to forty-eight 
hours. However, the duration of its thera- 
peutic action is seldom more than six hours. 
Dextro-desoxyephedrine acts similar to 
ephedrine and amphetamine. The potency 
per milligram is greater than amphetamine, 
the usual clinical dose being 3 to 9 mg. The 
clinically effective dose of d-desoxyephed- 
rine has a ration of about 3 to 5 when com- 
pared to amphetamine. A_ report by 
Glomme' concerning the use of d-desoxy- 
ephedrine, known as pervitin, in the treat- 
ment of irradiation sickness, has been 
found recently in the foreign medical litera- 
ture. He reported a beneficial effect of per- 
vitin and believes that the action is due 
to an increased sympathicotonia. 
Evaluation of the therapeutic effect of 
amphetamine and d-desoxyephedrine indi- 
cates that the greatest value is in combat- 
ing the weakness, exhaustion, and lassitude 
of irradiation sickness. The mental depres- 
sion frequently associated with malignant 
disease is usually improved. Symptoms of 
nausea and vomiting are nearly always im- 
proved although they may not be elimi- 
nated. Anorexia usually persists. The occa- 
sional diarrhea associated with low ab- 
dominal and pelvic irradiation is sometimes 
improved but often requires additional 
medication. Patients with a severe anemia 
respond less favorably. Patients having ex- 
tensive metastases causing considerable in- 
terference in the physiological functions of 
the vital organs seldom receive benefit from 
the medication. The principal effect of 
amphetamine and d-desoxyephedrine is 
most likely a combating of dilatation of the 
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visceral capillaries and stasis in the splanch- 
nic reservoir. A more adequate circulating 
blood volume is thereby maintained. 


CONCLUSION 


1. The therapeutic value of ampheta- 
mine and dextro-desoxyephedrine in the 
treatment of symptoms of irradiation sick- 
ness is demonstrated in a study of 69 pa- 
tients. 

2. A proposed hypothesis concerning the 
basic mechanism of irradiation sickness in- 
dicates the rédle of local and general in- 
creased capillary permeability. Various pre- 
disposing and modifying factors are dis- 
cussed. The symptoms and_ previous 
therapeutic measures are correlated with 
the cyclic mechanism of increased capillary 
permeability. 

3. The pharmacology of amphetamine 
and d-desoxyephedrine indicates that they 
are of therapeutic value in irradiation sick- 
ness by their action in maintaining the 
peripheral circulating blood volume and 
preventing visceral stasis and splanchnic 
dilatation. The effectiveness is reduced by 
anemia, nutritional and metabolic changes 
associated with debilitation, and by ex- 
tensive metastases. 

4. The present study indicates that the 
management of irradiation sickness should 
include: 


(a) A critical evaluation of each pa- 
tient’s physical condition prior to 
roentgen therapy. Corrective meas- 
ures should be instituted in the pres- 
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ence of anemia, dehydration, acido- 
sis, the deficiencies associated with 
debilitation and nutritional disturb- 
ances. 

(6) A prophylactic use of small oral 
doses of amphetamine or d-desoxy- 
ephedrine, increasing the dose with 
the first evidence of increasing weak- 
ness or lassitude. 

(c) A prophylactic use of the water- 
soluble vitamins which are readily 
depleted by any disturbance of the 
digestive and absorptive mecha- 
nism. 
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VARIATIONS IN SENSITIVENESS OF DIFFERENT SKIN 
AREAS TO THE ERYTHEMA DOSE OF 
ROENTGEN RADIATION 


By JULIAN B. HERRMANN, M.D., and GEORGE T. PACK, M.D. 


From the Memorial Hospital for Cancer and Allied Diseases 
NEW YORK, NEW YORK 


i HAS long been known that all regions 
of the skin surface are not equally sus- 
ceptible to the erythema dose of roentgen 
radiation. This variable sensitivity has 
been commented on by several authors 
(Erskine, Quimby, Belisario), but there has 
been little systematic comparison of the 
sensitiveness of various skin areas by meth- 
ods accurate and experimental. Because the 
skin in almost all parts of the body is sub- 
ject at some time or other to the influence 
of radiation therapy directed against the 
ubiquitously distributed epitheliomas in 
the cutis itself or through the skin toward 
some deeper organs, it is a matter of con- 
siderable practical importance to appre- 
ciate these values in radiosensitivity. 


PROCEDURE 


The response of various arbitrarily se- 
lected sites in the skin to an erythema dose 
of roentgen rays was selected for compara- 
tive study. Twenty-one patients were used 
in these determinations, on whom an aggre- 
gate of 120 tests was made. The following 
areas of skin were chosen: 


(a) Corpus sterni at the level of the nipple. 

(b) Mammary line just below the areola. 

(c) Axilla. 

(d) Spine of sixth dorsal vertebra. 

(e) Volar surface of forearm at junction of 
middle and lower thirds. 

(f) Dorsal surface of forearm of correspond- 
ing area. 

(g) Groin. 

(h) Volar surface of thigh at junction of mid- 

dle and lower thirds. 

(i) Dorsal surface of thigh of corresponding 
area. 

(j) Center of palm of hand. 

(k) Center of dorsum of hand. 

(1) Center of instep of foot. 

(m) Center of dorsum of foot. 


The radiation factors were 100 kv., 6 ma., 
1mm. Al, 15 cm. target skin distance, 2 cm. 
diameter cone, 400 r, measured in air, de- 
livered at 234 r per minute. On any one 
patient, six of the above areas were exposed 
to the radiation stated above, which was 
chosen as just above the threshold erythe- 
ma dose for this quality of roentgen radia- 
tion. For two to four weeks thereafter, the 
areas were examined daily or every other 
day, at approximately the same time of 
day, with as nearly as possible the same in- 
tensity of daylight. The observed reactions 
were graded from 1 to 4, a grade of 1 indi- 
cating that the complete circular area was 
visible but extremely faint, and 4 indicating 
the sharpest reaction observed, a strong 
erythema with subsequent scaling. 

The patients ranged in age from seven- 
teen to seventy-eight years. There were 14 
males and 7 females. Nine of the patients 
had carcinoma of the stomach and 6 had 
gastric ulcer; of the remainder, 4 had malig- 
nant tumors and 2 benign growths. 


RESULTS 


The results are presented in Table 1, the 
readings being those taken on the four- 
teenth day after irradiation. This time was 
chosen because the erythema is then usu- 
ally at its maximum. It is readily seen that 
there are variations in the erythema reac- 
tion of different parts of the body and of 
homologous areas in different individuals. 
Figure 1 constructed from Table 1 depicts 
the regional variations. The axilla and groin 
seem to be most sensitive to the radiation 
used; the hand and foot are least sensitive. 
The forearm is more sensitive than the 
thigh, whereas the areas over the sternum 
and sixth dorsal spine occupy a position 
intermediate between the forearm and 
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Variations in Sensitiveness of Different Skin Areas 


TABLE | 


REGIONAL VARIATION IN SENSITIVENESS TO ERYTHEMA DOSE OF ROENTGEN RADIATION IN 


THE SAME AND DIFFERENT INDIVIDUALS 


Patient 3 “£4. 8 
Sex MM F M M F M F M 
Age 56 65 26 37 §2 66 37 60 43 
Complexion* D L D LD sD OD 
Mammary 

Sixth dorsal 

spine 2 
Forearm, 

Forearm, 

Groin 
Thigh,dorsal 2 1 

Hand, palmar 

Hand, dorsal 

Foot, plantar 

Foot, dorsal 

* D =dark complexion, L =light complexion. 


thigh. There is essentially no difference be- 
tween the areas over the sternum and sixth 
dorsal spine. The sensitiveness of the dorsal 
and volar aspects of the forearm is approxi- 
mately the same, while the dorsum of the 
thigh is somewhat more sensitive than its 
volar aspect. The axilla is more sensitive 
than the groin. There is apparently no dif- 
ference between the dorsum of the hand 
and that of the foot. The palm of the hand 
exhibited slight sensitiveness, a minimal 
reaction in 1 out of 6 individuals tested, 
whereas there was no reaction elicited on 
the plantar surface of the foot in 8 persons 
investigated. 

In most instances, it was found that all 
the areas tested on any one subject develop 
an erythema at about the same time, with 
the exception of the axilla and groin. These 
areas frequently require twenty-four to 
seventy-two hours longer. Table 11 illus- 
trates this point in a representative case. 

There does not appear to be any appre- 
ciable variation in the intensity of the reac- 
tion on the basis of sex or complexion in 
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these patients, all but one of whom were 
Caucasian, the exception being a Korean. 
The experiment has not been attempted on 
the black, yellow, brown or red races. As a 
matter of interest, a low sensitiveness was 
shown by Patient 10 who was red-haired. 
Some of the subjects were elderly patients 
who were debilitated from a chronic illness 
so that their skin was thin and atrophic. 
The test areas on these persons were some- 
what less sensitive than the homologous 
ones in younger, more robust individuals. 


pl ele gi 34 35 
3 s8 23 42 84 
wo} 9 | 6 | wi 8 


Nuserels indicate number of patients tested. 


Fic. 1. Comparative sensitiveness of various skin 
areas to erythema dose of low voltage roentgen 
rays. 
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DISCUSSION 

The lowered sensitiveness of the hand 
and foot may be of practical value in radia- 
tion therapy. Because the skin on these ex- 
tremities is apparently less sensitive than 
elsewhere, it might be reasoned that tu- 
mors requiring radiation therapy would 
need correspondingly larger doses. For the 
same reason, neoplastic lesions of the thigh 
might require and initially tolerate more 
intensive irradiation than similar tumors 
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size the statements previously made, that 
our experiments reported herein are based 
solely on the initial response of various skin 
areas to an erythema dose of low voltage 
roentgen rays. 

Our results demonstrate that there is a 
variation in the sensitiveness of diverse 
skin areas of the body to low voltage roent- 
gen rays. The reason for such differences is 
not clear although several theories have 
been advanced. Borak, working with high 
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VARIATIONS IN LATENT PERIOD INTERVENING BETWEEN TIME OF IRRADIATION AND APPEARANCE OF ERYTHEMA 
IN THE SAME INDIVIDUAL (PATIENT 6) 


Days after irradiation I 2 3 
Area tested: 
Corpus sterni 
Groin 
Axilla 
Sixth dorsal spine 
Forearm, dorsal 
Forearm, volar 


Om 


of the forearm, whereas those of the axilla 
and groin should be treated more circum- 
spectly. 

A distinction must be made between the 
initial susceptibility of the skin as evi- 
denced by the time of appearance and de- 
gree of erythema and the late or eventual 
tolerance of the same skin to a complete 
therapeutic roentgen-ray dose. The two re- 
sponses are not comparable, because skin 
that is relatively ischemic, such as over the 
vertebral spine, may show little initial re- 
sponse to an erythema dose but may under- 
go late radiation necrosis following a dose 
of roentgen rays or radium that the rela- 
tively more susceptible axillary skin would 
tolerate with safety. The same may be said 
for the sole of the foot, the skin of which is 
relatively insensitive to irradiation, as 
these tests indicate, yet may break down 
and ulcerate after moderate therapeutic ir- 
radiation, due perhaps to the inability of 
such irradiated skin to tolerate the pressure 
of weight bearing to which the sole is sub- 
jected. These facts only serve to empha- 


4 5 r, 16 18 21 25 
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voltage roentgen rays, notes that areas of 
skin lying over or in close proximity to bone 
exhibit a decreased sensitiveness to irradia- 
tion. This might explain our finding of 
markedly diminished sensitiveness over the 
hand and foot, were it not for the fact that 
the areas over the sternum and spine of 
the sixth dorsal vertebra are relatively sen- 
sitive. 

Desjardins believes that the circulation 
plays an important réle. Those tissues 
which are ischemic have a lessened degree 
of irradiation reaction as compared with 
those possessed of normal circulation. This 
cannot be used to explain the diminished 
sensitiveness of the hands of our subjects, 
although it might account for that of the 
feet, since some of those tested were elderly 
and somewhat arteriosclerotic. By referring 
to Table 1 it may be seen that those persons 
who developed an erythema on the dorsum 
of the foot were under fifty years of age. 

Another explanation is suggested by 
Belisario. He quotes the work of Maximow 
and Bloom to show that the skin in differ- 
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ent parts of the body varies in thickness, 
the palm and sole being of greatest thick- 
ness. He believes that these differences in 
skin thickness explain the variations in 
sensitiveness to irradiation. This may be a 
factor but it fails to account for the di- 
minished sensitiveness of the relatively thin 
skin of the dorsum of the hand and foot. 

It is probable that circulation and thick- 
ness of skin play a réle in the phenomenon 
of sensitiveness. However, this is not the 
entire explanation. The axilla and groin, 
where the most intense reaction is obtained, 
contain many oil and sweat glands and the 
skin in these locations is thinner, more 
moist and usually of higher temperature 
than elsewhere. 

There is a diversity of opinion as to 
whether the threshold erythema of blonds 
and brunets differs. Some investigators (Er- 
skine, Nisbet and Keatinge, Goldsmith) 
believe that blonds are more sensitive, 
while others (Laymon and Cumming, 
Belisario) hold to the contrary. Our inves- 
tigations indicate that there is no appreci- 
able difference in sensitiveness. 


SUMMARY 


The sensitiveness of thirteen different 
skin areas to low voltage roentgen rays was 
peeg in a group of twenty-one patients. 

. There is a variation in sensitiveness of 
different skin areas in the same person and 
of homologous areas in different persons. 

3. The axilla and groin are most sensi- 
tive, whereas the hand and foot are the 
least sensitive of the areas tested. The axilla 
is more sensitive than the groin, and the 
dorsum of the hand and foot more sensitive 
than the palm or sole. Between these ex- 
tremes lie the other areas in the following 
order of decreasing sensitiveness: mam- 
mary line just below the areola, forearm 
(dorsal and volar), sternum, sixth dorsal 
spine, thigh (dorsal and volar). 

4. In most instances all the areas tested 
on any one subject develop an erythema at 
about the same time, with the exception 
of the axilla and groin which frequently 
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require twenty-four to seventy-two hours 
longer. 

5. There does not appear to be any ap- 
preciable difference in sensitiveness on the 
basis of sex or complexion. The skin of 
elderly, debilitated patients, however, ap- 
pears less sensitive than that of younger, 
more robust individuals. 

6. The variations in sensitiveness may be 
of practical importance in the treatment of 
lesions on various parts of the body. 

7. Theories advanced to explain differ- 
ences in sensitiveness are briefly examined 
in the light of the present investigation. 


The authors wish to acknowledge their indebted- 
ness to Dr. Edith H. Quimby for her supervision of 
the details of the irradiation method and for her sug- 
gestions and assistance during the course of the 
work. 


REFERENCES 


1. Berisario, J. C. Threshold erythema dose of 
roentgen rays. 11. An experimental investigation 

of various aspects of erythema reaction and a 

new clinical criterion for the standard threshold 
erythema reaction. Arch. Dermat. & Syph., 
1942, 45, 641-669. 

2. Borak, J. Ueber regionare Hautreaktionsunter- 
ochiede. Strahlentherapie, 1935, 52, 74-84. 

. Desyarpins, A. U. Action of x-rays and radium 
on pathological tissue. In: MacKee, G. M. 
X-Rays and Radium in the Treatment of Dis- 
eases of the Skin. Lea & Febiger, Philadelphia, 
1938, Chap. xxu, p. 272. 

4. Erskine, A. W. Practical X-Ray Treatment. 
Bruce Publishing Co., St. Paul, 1931. 

. Go.psmitn, W. N. Some notes on the biological 
determination of the erythema-dose of x-rays in 

“r” units. Brit. F. Dermat., 1939, 51, 126-131. 

6. Laymon, C. W., and Cummine, H. Sensitiveness 
of skin to roentgen rays following ingestion of 
arsenic. Arch. Dermat. & Syph., 1939, 39, 518- 

526. 

7. Maximow, A. A., and Boom, W. A Textbookof 
Histology. Third edition. W. B. Saunders Co., 
Philadelphia, 1938, p. 325. Cited by Belisario.* 

8. Nispet, A. T., and Keatince, L. Some observa- 
tions on the problem of “erythema dose.” 7. 
Cancer Research Com., Univ. Sydney, 1931, 3, 
8-18. 

g. Quimsy, E. H. Methods of measuring quantity of 
radiation. In: MacKee, G. M. X-Rays and 
Radium in the Treatment of Diseases of the 
Skin. Lea & Febiger, Philadelphia, 1938, Chap. 

XI, Pp. 133: 


tes, 
. 
‘ 
he 
4 
ry 
_ 


APRIL, 1944 


THE AMERICAN JOURNAL OF ROENTGENOLOGY 
AND RADIUM THERAPY 


Editor: Lawrence REYNOLDS, M.D. Assistant Editor: BicELow, B.s. 


Editorial Board: A. C. Curistie,M.p. E. H. Skinner, m.p. 

Advisory Board for Pathology: Evcene L. Opie, M.v. 
Collaborating Editors: The Officers and Committee Members of the Societies of which this JourNat is the 
official organ, whose names appear on this page, are considered collaborating editors of this JouRNAL. Foreign 
Collaborators: Gésta Forsse.t, M.D., SrockHoim, G. F. Haeniscu, M.p., Hampurc, R. Lepoux-Lesarp, 
M.D., Paris. 


Lauriston S. 


Publisher: CHartes C Tuomas, 220 East Monroe Street, Springfield, Illinois. 


Issued Monthly. Subscription $10.00 per year, $11.00 in Canada and $12.00 in foreign countries. Advertising 
rates submitted on application: Editorial office, 110 Professional Building, Detroit, Mich., Office of publication, 
220 E. Monroe Street, Springfield, Ill. Information of interest to all readers will be found on page iv. 


Officers and Standing Committees 


AMERICAN ROENTGEN RAY SOCIETY 
President, Sherwood Moore, St. Louis, Mo.; 


cal Society of North America, Palmer House, Chi- 
cago, IIl., Sept. 24-29, 1944. 


President-Elect, Lyell C. Kinney, San Diego, Calif.; 
1st Vice-President: P. C. Hodges, Chicago, Ill. 
2nd Vice-President: Aubrey O. Hampton, Boston, 
Mass.; Secretary: H. Dabney Kerr, University Hos- 
pital, lowa City, lowa; Treasurer: J. B. Edwards, 144 
Woodridge Place, Leonia, N. J. Historian: Ramsay 
Spillman, New York, N. Y. 

Executive Council: Sherwood Moore, L. C. Kinney, 
P. C. Hodges, A. O. Hampton, H. D. Kerr, J. B. 
Edwards, Lawrence Reynolds, F. B. Bogart, V. W. 
Archer, U. V. Portmann, W. M. Doughty, R. S. 
Bromer, C. M. Richards, J. C. Dickinson, Charles H. 
Heacock, Chairman, 915 Madison Ave., Memphis, 
Tennessee. 

Program Committee: C. H. Heacock, Memphis, 
Tenn., H. D. Kerr, lowa City, lowa, Lawrence Rey- 
nolds, Detroit, Mich., V. W. Archer, University, Va., 
U. V. Portmann, Cleveland, Ohio, Lyell C. Kinney, 
Chairman, 1831 Fourth St., San Diego, Calif. 

Publication Committee: E.. P. Pendergrass, Phila- 
delphia, Pa., J. T. Case, Chicago, Ill., U. V. Port- 
mann, Chairman, Cleveland, Ohio. 

Finance Committee: J. C. Peden, St. Louis, Mo., 
E. L. Jenkinson, Chicago, Ill., F. B. Bogart, Chair- 
man, Chattanooga, Tenn. 

Committee on Scientific Exhibits: P. A. Bishop, 
Philadelphia, Pa., S. W. Donaldson, Ann Arbor, 
Mich., V. W. Archer, Chairman, University, Va. 

Representative on National Research Council: Karl 
Kornblum, Philadelphia, Pa. 

Editor: Lawrence Reynolds, 
Building, Detroit 1, Mich. 

Assistant Editor: Ruth Bigelow, 110 Professional 
Building, Detroit 1, Mich. 

Editorial Board: A. C. Christie, E. H. Skinner, 
Lauriston S. Taylor. 

Advisory Board for Pathology: Eugene L. Opie. 

Forty-fifth Annual Meeting: Joint Meeting of the 
American Roentgen Ray Society and the Radiologi- 


110 Professional 


AMERICAN RADIUM SOCIETY 


President: William E. Costolow, Los Angeles, 
Calif.; President-Elect: Charles L. Martin, Dallas, 
Texas; /st Vice-President: Frank E. Adair, New 
York, N. Y.; 2nd Vice-President: Eugene P. Pender- 
grass, Philadelphia, Pa.; Secretary: A. N. Arneson, 
4952 Maryland Ave., St. Louis, Mo. (Acting Secre- 
tary, E. H. Skinner, 1532 Professional Bldg., Kansas 
City, Mo.); Treasurer: Leland R. Cowan, 606 Medi- 
cal Arts Bldg., Salt Lake City, Utah. 

Executive Committee: Lawrence A. Pomeroy, 
Chairman, Cleveland, Ohio, Frederick W. O’Brien, 
Boston, Mass., Hayes E. Martin, New York, N. Y. 

Program Committee: Charles L. Martin, Chairman, 
Dallas, Texas, William S. MacComb, New York, 
N. Y., Eugene T. Leddy, Rochester, Minn., Her- 
bert E. Schmitz, Chicago, IIl., John S. Bouslog, 
Denver, Colo. 

Publication Committee: E. H. Skinner, Chairman, 
Kansas City, Mo., Zoe A. Johnston, Pittsburgh, Pa., 
Wilbur Bailey, Los Angeles, Calif. 

Research and Standardization Committee: Edith H. 
Quimby, Chairman, New York, N. Y., J. L. Weath- 
erwax, Philadelphia, Pa., W. S. MacComb, New 

York, N. Y. 

Education and Publicity Committee: Ernst A. 
Pohle, Chairman, Madison, Wis., William H. Sar- 
gent, Oakland, Calif., Robert B. Taft, Charleston, 
C 

Janeway Lecture Committee: Douglas Quick, Chair- 
man, New York, N. Y., E. H. Skinner, Kansas City, 
Mo., G. Failla, New York, N. Y., L. A. Pomeroy, 
Cleveland, Ohio, F. W. O’Brien, Boston, Mass., 
H_ E. Martin, New York, N. Y. 

Representatives on American Board of Radiology: 
Douglas Quick, New York, N. Y., B. P. Widmann, 
Philadelphia, Pa., F. W. O’Brien, Boston, Mass. 

Twenty-eighth Annual Meeting: 1944, to be an- 
nounced. 
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WELDERS’ LUNGS 


N THE November, 1942, issue of this 

Journat there appeared an editorial! 
on ‘Metal Fume Fever and Nitric Fume 
Pneumonia,” two clinical entities some- 
times encountered in electric arc welders. 
In that editorial it was stated that, as far as 
could be ascertained, no definite late roent- 
gen changes occurred in welders’ lungs, al- 
though there were some scattered reports 
of such in the literature. Since writing that 
editorial we have encountered one case of 
pulmonary nodulation in a welder who had 
never been exposed to significant amounts 
of silica, and we have been apprised of the 
further studies of Enzer and Sander on this 
problem.?* 

These observers have examined a large 
number of electric arc welders who used 
bare metal electrodes for a number of years. 
They found variable degrees of diffuse nod- 
ulation in the chest roentgenograms of some 
workers (usually men who had worked for 
seven or more years, and had been exposed 
to exceptionally massive concentrations of 
welding fumes, for example, when welding 
the inside of steel tanks, etc.). They secured 
autopsy studies on cases dying of incidental 
causes and ascertained the fact that small 
deposits of iron oxide were present through- 
out the lungs, in the perivascular spaces 


and lymphatics. There was no associated 
fibrosis. 


' Garland, L. H. Metal fume fever and nitric fume pneumonia 


(editorial). Am. J. RoentGenov. & Rav. THERAPY, 1942, 48, 692- 
693. 


* To be published. 
* Enzer, N., and Sander, O. A. Chronic lung changes in electric 
» 333-350. 


arc welders. 7. Indust. Hyg. & Toxicol., 1938, 20 


The roentgenogram of our case, and of 
the cases seen by Enzer and Sander, showed 
diffuse pulmonary nodulation, the densities 
varying from I to 3 mm. in diameter and 
closely resembling the densities seen in 
some cases of silicosis. There was not the 
hilar adenopathy or hilar density often seen 
in silicosis. However, at first glance, the 
roentgen appearance was strikingly similar 
to that of silicotic nodulation. 

It is stressed (in the autopsy reports) 
that iron oxide dust is the only one defi- 
nitely identified so far. The term siderosis 
could therefore be applied to the condition, 
but might cause confusion with the sidero- 
sis hitherto verified best at autopsy. Most 
cases of nodulation occurring in iron work- 
ers and labeled siderosis have been shown 
to be cases of fibrosis secondary to coinci- 
dental exposure to silica. 

The absence of fibrosis in cases of weld- 
ers’ nodulation is noteworthy, and is borne 
out by the fact that clinically these men 
showed no functional impairment of the 
lungs, no tendency to complicating infec- 
tion, and no clinical symptoms. The nodu- 
lation was found on routine roentgen exam- 
inations incidental to employment. 

In summary, therefore, it is apparent 
that, contrary to previous opinion, some 
electric arc welders, exposed to unusually 
heavy concentrations of fumes over long 
periods of time (perhaps seven or more 
years), will develop benign pulmonary nod- 
ulation, due to the deposition of iron oxide 
in the lungs and not to fibrosis. 

L. Henry GARLAND 
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DAVID YANDELL KEITH 
1881-1943 


R. DAVID YANDELL KEITH of 
Louisville, Kentucky, died on July 12, 
1943, of heart disease. 

Dr. Keith was born in Crofton, Ken- 
tucky, April 8, 1881, and in his youth 
worked variously as a tobacco factory hand, 
school teacher, clerk, insurance salesman 


and druggist’s assistant. In 1909 he was 
graduated as honor man from the Univer- 
sity of Louisville Medical Department. Fill- 
ing in the summer vacation that year as 
sanitary inspector for the city of Hopkins- 
ville, Kentucky, he began his internship in 
September to serve for a year in the Louis- 
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ville City Hospital. He served on the fac- 
ulty of the University of Louisville School 
of Medicine almost from the time of his 
graduation. His occupation with radiology 
began in 1912, when he installed a roent- 
gen-ray machine in his office in partnership 
with Dr. G. S. Hanes. Later partners or 
assistants were his brother, Dr. J. Paul 
Keith, Dr. H. C. Herrmann, Dr. J. C. Bell, 
Dr. E. L. Shiflett, and Dr. H. L. Town- 
send. The latter assumed Dr. Keith’s prac- 
tice and is continuing his work at the Ken- 
tucky Baptist Hospital. 

From 1914 to 1931, Dr. Keith was radi- 
ologist to the St. Mary Elizabeth Hospital 
and he served similarly the Kentucky Bap- 
tist Hospital from its organization in 1924. 
In 1920 he became radium therapist to the 
Louisville City Hospital. He was consulting 
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radiologist to the Marine Hospital from 
1913 on. He was also on the staff of the 
Children’s Free Hospital and the Deacon- 
ess Methodist Hospital. His membership 
in the American Roentgen Ray Society 
dates from 1916. He was also a member of 
the American Radium Society, American 
Medical Association, Kentucky State and 
Jefferson County Medical Societies, local 
Society of Physicians and Surgeons, and a 
Fellow of the American Collegeof Radiology. 

Dr. Keith is survived by his wife, who 
was Miss Vonda Barth, to whom he was 
married in 1916, by a daughter, Vonda 
Barth Keith, and a son, David Yandell 
Keith, Jr, a private first class in the Army 


_and a senior student at the University of 


Louisville Medical School. 
RAMSAY SPILLMAN 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unrrep States OF AMERICA 


American RoentcGEn Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
lowa City, lowa. Annual meeting: Joint Meeting of 
American Roentgen Ray Society and Radiological So- 
ciety of North America, Palmer House, Chicago, IIl., 
Sept. 24-29, 1944. 

American or RApDIoLocy 
feereenys Mac F. Cahal, 540 N. Michigan Ave., Chicago, 

Secrion on Rapio.tocy, AMERICAN MEDICAL AssociATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Chicago, Ill., June 12-16, 1944. 

Arkansas RapIoLocica. Society 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RapDIoLocicaL Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Joint Meeting of American 
Roentgen Ray Society and Radiological Society of North 
America, Palmer House, Chicago, IIl., Sept. 24-29, 1944. 

Section, Battimore MeEpIcAL Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on Rapio.tocy, CAtirorniaA MEDICAL AssociaTION 
Secretary, Dr. Earl R. Miller, University of California 
Hospital, San Francisco, Calif. 

Section, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Rapio.ocy, Strate Mepicat Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

Rapro.oaicat Section, Los County MEDICAL 
ASSOCIATION 
Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

Rapio.oaica Section, SourHERN MEDICAL AssociATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooxiyn RoentGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

Rapio.ocicat Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Cuicaco Society 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

Cincinnati RADIOLOGICAL SociETY 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RaproLocicat Society 
Secretary, Dr. D. D. Brannan, 11311 Shaker Blvd. 
Cleveland 4, Ohio. Meets at 6:30 p.m. at Allerton Hotel 
on fourth Monday each month, October to April, inclusive. 

Daias-Fort Worth RoentTcEN Srupy CLus 
Secretary, Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Worth, Texas. Meetings held in Dallas on odd months 
and in Fort Worth on even months, on third Monday, 
at 7:30 P.M. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Denver 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 
Derroir RoentceN Ray AND Rapivum Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 
FLoripa Society 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
Georata Rapio.oaica Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
Society or Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month ata 
place designated by the president. 
Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
InDIANA ROENTGEN SOCIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually. 
Kentucky Society 
Secretary, Dr. W. C. Martin, qt W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 
Lone Istanp Rapro.ocica Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 p.m. 
LouistaNna RaDIoLocicaL Society 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 
MICHIGAN AssOcIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE RoenTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
Minnesota RaDIoLocicaL Society 
Secretary, Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bidg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 
NEBRASKA RADIOLOGICAL SocIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 
New Encianp Roentcen Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, Mass. 
Meets monthly on third Friday, Boston Medical Library. 
Society or New JERSEY 
Secretary, Dr. H. J. Perlberg, 921 Bergen se City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York RoeEnTGEN Society 
Secretary, Dr. Ramsay Spillman, 115 East 61st St., 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:00 P.M. 
Nortu Caro.ina RoEnTGEN Ray Socrety 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 
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Nortu Dakota Rapro.ocicat Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

CentraL New York Roentcen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ouro Rapio.ocicat Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric RoOENTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SocIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Annual meeting at Penn Alto Hotel, Altoona, Pa., May 13- 
14, 19:4. 

RoenTGEN Ray Society 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirrsBuURGH ROENTGEN SociETY 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.m., October 
to June, Pittsburgh Academy of Medicine. 

RocuesterR Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocxy Mountain Rapto.oaicat Society 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Louts Society or RADIOLocisTs 
Secretary, Dr. E. W. Spinzig, 2646 Potomac, St. Louis, 
Mo. Meets fourth Wednesday of each month, except 
June, July, August, and September, at a place designated 

y the president. 

San Dieco RoentGEN Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Society ‘ 
Secretary, Dr. Martha Mottram, 450 Sutter St., San 
Francisco. Meets monthly on third Thursday at 7:45 
P.M., first six months of year at Toland Hall, University 
of California Hospital, second six months at Lane Hall, 
Stanford University Hospital. 

Rapio.ocicat 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

Soutu Caroiina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Rapio.ocicat Society 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

University or MicuicAn DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University or Wisconsin RADIOLOGICAL ConFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

Vircinta RaDIoLocicaL Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Wasuincron State RaDIo.ocicaL Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St., Seattle. 
Meets Soorth Monday each month, October through May, 
College Club, Seattle. 
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X-ray Stupy Cius or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
—— Meets monthly in evening on third Thurs- 

ay. 

SocieDAD DE y FIsiorERAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


British Empire 

British InstiruTE oF RapioLtocy INCORPORATED WITH 
THE RONTGEN Society 
Medical Members’ meeting held monthly on third Friday 
at 2:30 p.m. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.1. 

Section OF RADIOLOGY OF THE RoyAL Society or Mept- 
cinE (ConFineD To MepicaLt MEMBERS) 
Meets on the third Friday of each month at 4:45 P.M. 
at the Royal Society of Medicine 1, Wimpole St., Lon- 
don, W. 1. 

Facutty or 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

Section or Rapio.ocy anp Mepicav E ecrriciry, Aus- 
TRALASIAN MEDICAL ConGrEss 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL AssocraATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN AssOcIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

Section oF RapioLocy, Canapian MEDICAL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Rapro.ocicat Section, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


SoutH AMERICA 
SociEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 


ConTINENTAL Europe 


SocieDAD EspaNnoia DE ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Société Suisse pE (SCHWEIZERISCHE RO6nT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SociETATEA RoMANA DE RADIOLOGIE ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Mara&cine, 30, 

Roumania. Meets second Monday in 
every month with the exception of July and August. 

A.t-Russ1an Roentcen Ray Association, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LeninGRAD RoentcGeEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoenTGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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APPEARANCE OF OSSIFICATION 
CENTERS 
To the Editor: 


Pyle and Sontag' report that “Francis 
and Werle calculated their tables for age of 
appearance from the ages when they saw 
the bone center for the first time on a roent- 
genogram. Their roentgenograms were taken 
at three or six month intervals. Therefore 
an epiphysis which began to calcify at 
about four months was assigned the skel- 
etal age of six months, since that was the 
first roentgenogram in which it was seen. 
All investigators, including Flecker, have 
followed the same procedure.” Surely I 
have not done so. My method is clearly 
stated on page 102 thus: 

“With regard to the various descriptions 
which follow, the following points with ref- 
erence to each sex have been specially 
noted: 


(a) Ages of youngest subjects in whom 
ossific centers in question were found to be 
present. 


(b) Ages at which in at least half of the 
individual centers were found to be present. 


(c) Ages of oldest subjects in whom ep- 
iphyses were found to be fused with the 
diaphyses. 

(d) Ages of youngest subjects in whom 
epiphyses were found to be fused with the 
diaphyses. 

(e) Ages at which in at least half of the 
individuals epiphyses were found to be 


fused. 


(f) Ages of oldest subjects in whom ep- 
iphyses were found to be fused with the 
diaphyses. 


The only ages given are those at which 
there are found to be variations. At other 
ages, the centers have been found to be 
either all present or all absent.” 


' Pyle, I., and Sontag, L.. W. Variability in onset of ossification 
in epiphyses and short bones of the extremities. Am. J. Roenr- 
GeNOL. & Rap. THerapy, 1943, 49, 795-798. 

* Flecker, H. Time of appearance and fusion of ossification 
centers as observed by roentgenographic methods. Am. J. Roent- 
& Rap. Tuerapy, 1942, 47, 97-159. 
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Admittedly the method of conducting 
periodical roentgenological examinations 
on the epiphyses of specially selected chil- 
dren is a great advantage over earlier pro- 
cedures, provided a sufficient number of 
such children have been studied, but I have 
already condemned the prevailing practice 
of expressing such results in percentages. 
Francis and Werle’ likewise write of 80 per- 
centile. Presumably 4 out of 5 would be 
considered an 80 percentile! One might as 
well estimate the percentage of males and 
females born in the general population by 
noting the number of each sex born amcnz 
so births at any institution; yet in Pyle and 
Sontag’s work, which gives from 31 to 50 
subjects in each group, they also speak of 
an 8oth or 20th percentile. With 31 sub- 
jects in a group, it is presumed that roughly 
25 or 6 would represent an 80 or 20 percen- 
tile. 

The expression “coefficient of variability 
(per cent)” should surely not be applied to 
such small numbers, and only tends to dis- 
credit work on this subject. The assump- 
tion of the term percentage (percentile) im- 
plies an accuracy which cannot be attained 
unless considerably more than a hundred 
subjects are involved, and to be at all ac- 
curate many hundreds are needed. 

H. FLEcKER 
52 Abbott St., 
Cairns, 
North Queensland, Australia 


CANCER TEACHING DAY 


A program under the title of Cancer 
Teaching Day and arranged under the 
auspices of a number of medical societies 
of the State of New York will be presented 
at Ellis Hospital, Schenectady, New York, 
on Thursday, April 20, 1944. The meeting 
will be called to order at 3:00 p M., and the 
following program will be presented: 


Chairman, Ellis Kellert, M.D., Director, Ellis 
Hospital Laboratory. 


+ Francis, C. C., and Werle, P. B. Appearance of centers of 
ossification from birth to 5 years. 4m ¥. Phys. Anthrop., 1939, 245 
273-299- 
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Modern Trends in Cancer Research. William 
H. Woglom, M.D., New York, N. Y. 

Tumors of the Peripheral Nerves and the 
Adipose Tissues. Arthur Purdy Stout, M.D., 
New York, N. Y. 


Dinner will be served at 6:30 p.m. at the 
Mohawk Golf Club, after which the pro- 
gram will be resumed at 8 o’clock, and the 
following papers will be presented: 
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Chairman, Charles E. Rourke, M.D., Presi- 
dent, Medical Society of the County of Sche- 
nectady. 

Carcinoma of the Stomach; Results of Stud- 
ies in a Surgical Clinic. The Responsibility of 
the General Practitioner and the Surgeon. For- 
dyce B. St. John, M.D., New York, N. Y. 

Tumors of the Major Salivary Glands. Hayes 
Martin, M.D., New York, N. Y. 
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BOOK REVIEWS 


An Arias or Anatomy. By. J. C. Boileau 
Grant, M.C., M.B., Ch.B., F.R.C.S. (Edin.), 
Professor of Anatomy in the University of 
Toronto. In two volumes. Volume I. Upper 
Limb, Abdomen, Perineum, Pelvis, and 
Lower Limb. Cloth. Price, $5.00. Pp. 214, 
with 227 illustrations. Baltimore, Maryland: 
Williams & Wilkins Company, 1943. 


This work differs from other anatomies in 
that it presents regions, from bone to integu- 
ment. It is superbly illustrated by Mrs. Dorothy 
I. Chubb, who was a pupil of Max Broedel, and 
other able artists who are identified in the pref- 
ace. The regional approach makes it of especial 
value to roentgenologists, and anyone who has 
seen the first volume can scarcely do other than 
eagerly look forward to the second. Excellent 
line drawings of the bones are by Sergeant 
Douglas Baker, and the origins and insertions 
of muscles are charted in color. The letter-press 
is concise but adequate. The pages are 21.5 X28 
cm., making a convenient size of volume. Dr. 
Grant and his co-workers are to be congratu- 
lated on every aspect of their product, and de- 
serve the gratitude of their colleagues for mak- 
ing so much anatomical information available 
in so attractive a form. 

Ramsay SPILLMAN 


Neuro oey. By Roy R. Grinker, M.D., Chair- 
man, The Department of Neuropsychiatry 
of the Michael Reese Hospital, Chicago. 
Third edition. Revised and largely rewritten. 
With the assistance of Norman A. Levy, 
M. D., Associate Neuropsychiatrist, Michael 
Reese Hospital, Chicago. With a chapter on 
Brain Tumors by Paul C. Bucy, M.D., Pro- 
fessor of Neurology and Neurological Sur- 
gery, University of Illinois, College of Medi- 
cine, Chicago. Cloth. Price, $6.50. Pp. 1136, 
with 416 illustrations. Springfield, Illinois: 
Charles C Thomas, 1943. 


This excellent textbook of clinical neurology 
has now reached its third edition and is revised 
and rewritten and at the same time consider- 
ably enlarged. In this edition, the chapter on 
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Brain Tumors has been written by P. C. Bucy. 
This chapter is well done and the subject has 
been effectively brought up to date. Several 
new techniques of neurological examination are 
included. Electroencephalography is described 
in three portions of the book—first as one of 
the methods of examinations and then in its ap- 
plication to the diagnosis of brain neoplasms 
and in connection with the epilepsies. Another 
newly added section deals with lipiodography. 
The reviewer believes that Grinker is probably 
right when he says ‘Cases in which iodized oil 
is necessary for diagnosis are rare. Its use would 
be greatly reduced if more detailed examination 
and greater thought were expended clinically 
before hasty reliance is placed on a mechanical 
procedure.” 

There is an especially satisfactory chapter on 
the neurological complications of pernicious 
anemia. Many other especially commendable 
chapters well might be listed. 

To turn instead to criticisms—they are small 
ones—why is the word pathology used incor- 
rectly when pathological changes are meant? 
While ergotism, ptomaine and mussel poisoning 
are discussed under the toxicities associated 
with food products, botulism is strangely omit- 
ted. It would seem that tetany is not too well 
covered. It is unfortunate that figures for blood 
calcium in tetany—the normal and the symp- 
tom producing—are not in the text. And inci- 
dental to items of this category, it should be 
possible for the reader to look up figures bearing 
upon the urinary output of lead or arsenic in 
cases of suspected poisoning with the heavy 
metals. True enough, there are no ‘“‘normals” 
but the maximum amounts consistent with the 
preservation of health are available and should 
be in this type of text for reference. It is ques- 
tionable whether Jamaica ginger peripheral 
neuropathy deserves quite all the space given 
to it. 

On the other hand, there is not enough dis- 
cussion of causalgia and the allied physiopathic 
nerve affections which Babinski and Froment 
have called reflex-paralyses. Grinker covers this 
field only briefly. Is his maintenance of Weir 
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Mitchell’s term ‘‘ascending neuritis” desirable? 
American neurological textbooks in general pay 
insufficient attention to this syndrome. Prob- 
ably the author’s feeling that space was lacking 
kept him from as complete a discussion of psy- 
chogenic headache as might be wished. 

But all in all, the splendid points of the book 
far outweigh minor deficiencies. There is no 
better textbook on neurology and it can be 
strongly recommended. 


Tuomas K. Davis 


TRANSURETHRAL Prostrarecromy. By Reed 
M. Nesbit, M.D., F.A.C.S., Associate Pro- 
fessor of Surgery, University of Michigan 
Medical School, in charge of the Section of 
Urology, Department of Surgery. With a 
Chapter on the Vascular Supply of the Pros- 
tate Gland by Rubin H. Flocks, M.D. Cloth. 
Price, $7.50. Pp. 192, with 62 plates including 
94 original drawings by William P. Didusch. 
Springfield, Illinois: Charles C Thomas, 
1943. 


In this monograph Nesbit describes the man- 
agement of prostatism by transurethral resec- 
tion as conducted at his clinic at the University 
of Michigan Medical School. There then fol- 
lows his appraisal of this operation, after which 
is discussed the history of this method of pros- 
tatectomy, to which is appended an extensive 
bibliography. 

The description of the technique of enuclea- 
tion of the prostate is admirably set forth by 
means of serial illustrations in half tone by 
William P. Didusch. Thus, the very difficult 
problem of exact demonstration of the method 
of operation has been met more clearly and sat- 
isfactorily than in any work heretofore pub- 
lished. 

In evaluation of the place of the transure- 
thral operation the writer’s views appear to be 
very sound. Emphasis is laid on the painstaking 
apprenticeship necessary to acquire the tech- 
nique of this admittedly difficult operation. Its 
advantages to the patient, however, are so out- 
standing that it has already become the opera- 
tion of election for the large majority of patients 
suffering from an obstructing prostate. It is 
worthy of note, also, that Nesbit still advocates 
total perineal prostatectomy for the carcino- 
matous prostate, reserving the transurethral 
operation for those cases of cancer that are too 
extensive for such total removal. 
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It is both with entire satisfaction and pleas- 
ure that one recommends highly the careful 
study of this outstanding monograph by all 
surgeons and students who wish a clear exposi- 
tion of the newest and most valuable method of 
relief of patients suffering from prostatism. The 
writer is deserving of many congratulations on 
having produced a work of such outstanding 
merit. 

C, Quinsy 
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AN ACCESSORY DEVICE FOR SPOT FILM 
ROENTGENOGRAPHY 


By W. E. CRYSLER, M.D., D. Rap. 


A/Surgeon Lieutenant Commander, R.C.N.V.R., Royal Canadian Naval Hospital 
ESQUIMALT, B.C. 


“THE usefulness of securing multiple spot 
roentgenograms for permanent record 
and further study of a lesion detected 
during roentgenoscopic examination of 
the gastrointestinal tract, particularly the 
stomach and duodenum, has been well rec- 
ognized. The procedure is of value in the 
study of the duodenal bulb or a suspected 
area of infiltration of the stomach wherein 
multiple spot roentgenograms, secured at 
regular intervals, serve as a record of motor 
function of the barium-filled viscus and also 
provide the observer with several projec- 
jections at various angles. 


Fic. 2. The unit is shown assembled and ready for 
use in the spot film device. 


Fic. 1. This shows the components of the unit. 4, rotating lead screen; B, frame; C central bolt; 
D, steel spring; Z, nut. 
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Fic. 3. Roentgenograms made with the technique described. 


The time consumed in exposing several 
individual small films, together with the 
awkwardness of the procedure, have led to 
the construction of the device to be de- 
scribed, which allows four exposures on an 


8 X10 inch film. No originality is claimed, 
but a perusal of the literature has failed 
to discover the description of a similar de- 
vice. It is known that certain manufac- 
turers of roentgenologic equipment make 
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use of the principle by a different method; 
namely, rotation of the cassette within the 
spot film device after the introduction be- 
hind the fluoroscopic screen of a radi- 
opaque metal sheet from which a corner, 
amounting to one-quarter of the area of an 
8 X10 inch film, is removed. 

The device herewith described is adapted 
for the type of spot film device which does 
not utilize the cassette-rotation principle. 
It consists mainly of four items. The com- 
ponents of the apparatus are demonstrated 
in Figure 1, and the assembled device is 
demonstrated ready for use in Figure 2. 

1. The Frame: (Fig. 1B). This portion of 
the unit is made of } inch steel. It is com- 
posed of four equal squares at the center of 
which is a threaded hole. A ratchet is fitted 
around the central axis (see below). This 
frame is fitted to the slots on the back of 
the fluoroscopic screen where the compres- 
sion device is ordinarily placed. 

2. The Rotating Lead Screen: (Wig. 1A). 
This is constructed of 4 inch sheet steel 
to which is riveted a similar sheet of + 
inch lead. A corner, amounting to approxi- 
mately one-quarter of the area of an 8 X10 
inch film and equalling the size of each of 
the squares of the frame, is removed. A 
non-threaded hole, slightly larger than the 
threaded hole of the frame is present at the 
center to permit free movement on the 
central bolt described below. A ratchet to 
fit its counterpart on the frame is built into 
the central portion around the axis. 

3- The Central Bolt: (Fig. 1C). This is 
the axis on which the lead screen rotates; 
it is threaded into the hole in the center of 
the frame. This bolt is held in position by 
a nut (Fig. 1£) at the back of the frame 
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and can be adjusted as required. The bolt 
has a hollow cap at the opposite end which 
accommodates: 

4. The Steel Spring: (Fig. 1D). This 
serves to maintain sufficient tension be- 
tween the frame and lead screen to allow 
free rotation of the latter, but enough to 
allow locking of the ratchet. The tension 
can be adjusted by the nut. 

The two parts of the ratchet mechanism 
or interlocking device are each welded onto 
the adjacent surfaces of the frame and lead 
screen at their central axis. As shown in 
Figure 1, the ratchet component of the 
frame has four grooves placed at right an- 
gles to each other. Its adapting piece on 
the lead screen possesses two elevations 
which fit into the opposite two grooves on 
the frame. It follows that with the unit 
assembled, this arrangement permits rota- 
tion of the lead screen one-quarter turn for 
each slot in the frame. 


OPERATION 


When one has an area of interest for 
record, the unit is placed in the spot film 
device as shown in Figure 2 and the area to 
be recorded is centered to the square. An 
8 X10 inch cassette is then placed in the 
roentgenographic position in the spot film 
device and the exposure is made. On with- 
drawal of the cassette to its shielded posi- 
tion, the lead screen is rotated go degrees to 
the second position and the procedure re- 
peated until four exposures have been 
made. A film exposed with the use of this 
device is shown in Figure 3. 

Although the central beam is not cen- 
tered to the square, this has led to no no- 
table change in roentgenographic effect. 
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ROENTGEN DIAGNOSIS 
SKELETAL SYSTEM 


Batson, Oscar V. The rdéle of the vertebral 
veins in metastatic processes. Ann. Int. Med., 
Jan., 1942, 76, 38-45. 


Metastatic processes, either neoplastic or in- 
fectious, spread in ways that do not conform to 
the simple pattern of lymphatic or circulatory 
dissemination of such diseases as tuberculosis 
or erysipelas. For instance, the frequent brain 
abscesses secondary to lung abscesses do not 
follow such patterns. And the spread of pro- 
static carcinoma does not correspond to the 
pattern of the pelvic lymph circulation. 

The author studied the question of the spread 
of prostatic carcinoma by making injections of 
roentgen opaque substance into the deep dorsal 
vein of the penis in animals. He found a net- 
work of valveless veins which he calls the verte- 
bral vein system. It includes the veins of the 
wall of the trunk, which include the veins of 
the breast, the veins of the head and neck, the 
veins which supply the walls of the blood ves- 
sels of the extremities and the perivertebral 
veins. This system parallels the portal, caval 
and pulmonary venous systems and provides a 
by-pass around them. It also provides a pool of 
reserve blood when the body cavities are com- 
pressed, as these veins carry more blood than 
the regions supplied by them require. There are 
many connections between the vertebral and 
caval venous systems. This system therefore 
provides pathways for the spread of diseases 
between distant organs. For instance the ocular 
palsies which occur in incision abscesses of the 
abdominal wall may be caused by emboli reach- 
ing the skull through this system. 

This system of veins should be examined at 
all autopsies in order to gain a more complete 
knowledge of it—Audrey G. Morgan. 


Smytu, C. J., and Freysere, R. H. A study of 
the hereditary nature of gout; a report of two 
families. 4nn. Int. Med., 1942, 16, 46-56. 


It has long been known that gout is probably 
a hereditary disease but so far as the authors 
know no systematic study has ever before been 


made of the uric acid content of the serum in 
members of gouty families. 

They have made such a study in the 29 in- 
dividuals in the families of 2 patients with gout. 
The family trees are given and roentgenograms 
of the bones of the feet. 

They found that 7 of the 8 adult males in 
these two families had an excess of uric acid in 
the blood and 5 of them had clinical gout. In 
one family the father and 3 sons had clinical 
evidence of gout. In the other a father with 
clinical gout had 2 sons with hyperuricacidemia 
but no clinical symptoms of the disease. None 
of the females in either of the families had any 
evidence of gout. 

As gouty individuals so frequently show an 
excess of uric acid in the blood and urine the 
disease is thought to be due to a defect in purin 
metabolism. But it is not known just what the 
nature of the defect is nor is the real significance 
of the excess of uric acid in the blood under- 
stood. 

A study of the blood uric acid in the families 
of patients with gout would help to clear up 
these questions. It would also help to detect 
gout earlier and save the patients much useless 
suffering in later life-—Audrey G. Morgan. 


Reimann, Hosart A., Havens, W. Paut, and 
Hersut, Peter A. Hodgkin’s disease with 
specific lesions appearing first in the skin. 
Arch. Int. Med., Sept., 1942, 70, 434-443. 


A case is described in a man of forty-five in 
whom the first manifestation of disease was the 
appearance of bright red spots on the skin. At 
this time there were no demonstrable enlarged 
lymph nodes and the most probable diagnosis 
seemed to be chronic relapsing febrile, non- 
suppurative panniculitis. After some months a 
slight cough developed. There were no physical 
abnormalities in the chest. A roentgenogram 
showed round densities in the lower halves of 
both lung fields, suggesting new growths, and 
multiple clear areas which resembled areas of 
emphysema. Abnormal enlargement of the 
lymph nodes was never observed clinically and 
the diagnosis was not definitely established 
until two years later when the patient died and 
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necropsy showed the typical lesions of Hodg- 
kin’s disease in the abdominal lymph nodes. 

This is one of the very few cases in which 
specific lesions of the skin appeared before other 
manifestations of Hodgkin’s disease.— Audrey 
G. Morgan. 


ROENTGEN AND RADIUM THERAPY 


Scumipt, Ernst A. Incidence of multiple pri- 
mary tumors and the problem of acquired 
cancer immunity. Radiology, August, 1942, 
39, 208-213. 


Among 3,700 consecutive autopsies per- 
formed by the Department of Pathology of the 
University of Colorado Medical School from 
1925 to 1940 there were 42 cases of multiple 
primary tumors. In 38 cases the patient had two 
tumors and in 4 three tumors. Tumors can be 
designated as multiple primary tumors only if 
it is reasonably certain that they have de- 
veloped independently and have no direct or 
indirect connection with each other. 

Among these cases a combination of benign 
tumors was found in only 2 cases; the most fre- 
quent combination was that of a benign and a 
malignant tumor which was seen in 27 cases. 

The significance of these multiple tumors 
from the standpoint of immunity is discussed 
and the author concludes by saying that he 
believes that the rarity of multiple primary 
malignant tumors may be brought about by 
factors of acquired immunity and that in the 
future 2 knowledge of such processes may be- 
come important in the fight against cancer.— 
Audrey G. Morgan. 


Rirvo, Max, Houcuron, Joun D., and Mc- 
Donatp, Eucene J. Cancer in childhood. 
Radiology, Sept., 1942, 39, 278-282. 


According to the census 153,846 persons died 
of cancer in the United States in 1939 and of 
these 1,103, or 0.7 per cent, were less than 
fifteen years of age. The vital statistics for 
Massachusetts for 1939 show that the death 
rate for cancer in childhood was greater than 
that for pertussis, pulmonary tuberculosis, 
measles, diabetes, cerebrospinal meningitis, 
syphilis, scarlet fever or typhoid. Thi: shows the 
seriousness of the problem of cancer in child- 
hood. 

The authors present a study of all the cases of 
cancer in patients less than fifteen years of age 
seen at the Boston City Hospital for the twenty- 
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five year period from 1915 to 1939 inclusive. 
A table is given showing the nature of these 
tumors and a comparison with the reports of 
Kellert for a single county and Scotti for the 
New York Post Graduate Medical School. The 
total number of cases seen at the Boston City 
Hospital was 72. Of these, 23 were intracranial, 
13 of the kidney and 11 of bone. During this 
same period 11 cases of Hodgkin’s disease, other 
than sarcoma, were seen, and 27 of leukemia. 
The commonest tumors were glioma (medullo- 
blastoma, astrocytoma and mixed gliomas), 
Wilms’ tumor, osteogenic and Ewing’s sarcoma 
and various types of soft tissue sarcomas. There 
were 3 cases of carcinoma of the adult type. 
There were only 2 cases of neuroblastoma of the 
adrenal, which is a very small number as com- 
pared with that in series reported previously. 
Among the earliest cases of cancer were one of 
Wilms’ tumor in a patient one year of age, 
medulloblastoma in patients one and two years 
of age and a fibrosarcoma in a child two years 
of age. There was only one congenital tumor in 
the series—a malignant teratoma of the orbital 
region.— Audrey G. Morgan. 


SHoucpers, H. S., Turner, E. L., Scort, L. D., 
and Grant, W. H. Effect of combined fever 
and x-ray therapy on far-advanced malignant 
growths. Radiology, 1942, 39, 184-193. 


As early as 1935 Warren found that fever 
therapy increased the effectiveness of irradia- 
tion for malignant tumors. The work done on 
the subject since that time is reviewed and the 
authors report their combined fever and radia- 
tion therapy in 42 cases of far advanced inoper- 
able malignant tumors of various types in the 
tumor clinic of George W. Hubbard Hospital 
of Meharry Medical College. They describe the 
technique in detail and give a table showing the 
types of cases treated and the results. They also 
describe in detail 2 cases of osteogenic sarcoma, 
1 bronchogenic carcinoma, 1 ulcerating scir- 
rhous carcinoma of the breast and an adeno- 
carcinoma of the urinary bladder. 

They have had no mortality attributable to 
the treatment. There was symptomatic im- 
provement in 27 of the 42 cases (65 per cent). 
In some cases there was unquestionable evi- 
dence of regression of the primary growth and 
of metastases. They believe there are greater 
possibilities in the use of combined fever and 
radiation therapy than in irradiation alone. 
They believe that they have had the most satis- 
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factory results from this combined form of 
treatment in sarcomas. 

Though it is impossible as yet to pronounce 
any judgment in regard to cure they believe 
that their results in far advanced inoperable 
cases justify a trial of this association of 
methods in cases that are still operable. It is 
possible that surgical results might be im- 
proved. They hope that other workers will test 
their results.—Audrey G. Morgan. 


Scureiner, B. F., and Curisty, C. J. Results 
of irradiation treatment of cancer of the lip; 
analysis of 636 cases from 1926-1936. 
Radiology, Sept., 1942, 379, 293-297. 


The records of the New York State Institute 
for the Study of Malignant Diseases from Jan. 
1, 1926, to Dec. 31, 1936, showed 636 consecu- 
tive cases of cancer of the lip treated by ir- 
radiation. Cancer of the lip occurred about 38 
times as frequently in men as in women and 
about 29 times as frequently on the lower as on 
the upper lip. The youngest patient was twenty- 
eight and the oldest ninety-two years of age. 
The use of tobacco was very common. There 
were only 15 cases of leukoplakia and only 3.6 
per cent of the cases were positive for syphilis. 

The authors found irradiation satisfactory in 
the treatment of the primary lesion but in the 
majority of cases with metastases the results 
are still unsatisfactory. They urge the use of 
both irradiation and surgery in an attempt to 
improve the results in cases with metastases. 

For the whole group of 636 cases the absolute 
five year survival rate was $8.9 per cent. But if 
those cases are counted out in which the patient 
died of intercurrent disease and was free of 
recurrence at the time of death and those that 
were lost track of before the end of the five 
year period the cure rate is 74.4 per cent. Of the 
27 patients in whom metastatic lesions were 
positively proved and who were treated with 
radon seed and radium needle implantation and 
with high voltage roentgen rays only 2, or 7.4 per 
cent, remained well five years or longer. None 
of the 11 patients with proved metastatic le- 
sions who were treated with high voltage roent- 
gen rays or radium pack alone survived for as 
long as five years. Ten patients had metastases 
diagnosed clinically but not proved histologi- 
cally. They were treated with radon seed and 
radium needle implantation and external ir- 
radiation. Nine of these were in Grade 2; § died 
of the disease and 4 are living and well. The 
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other patient, in Grade 3, is alive and well. Nine 
patients in Grade 3 with metastases diagnosed 
clinically but not proved histologically, treated 
with high voltage or roentgen radiation or 
radium pack alone, are alive and well.— Audrey 
G. Morgan. 


SoLtey, Mayo H., and Srone, Rosperr S. 
Roentgen ray treatment of hyperthyroidism. 
Arch. Int. Med., Dec., 1942, 70, 1002-1016. 


Roentgen treatment of hyperthyroidism has 
been somewhat neglected in recent years. 
Therefore the authors report a series of 43 cases 
treated in this way. Details of the technique are 
described and tables given showing the results. 
Twenty-two of the patients were given iodine in 
conjunction with the roentgen treatment while 
21 were not. 

The results show that roentgen irradiation 
reduces thyroid tissue sufficiently to produce 
the same results as surgical subtotal thyroidec- 
tomy. Patients with nodular goiter should have 
the nodules removed surgically. The best pa- 
tients for roentgen treatment are those with 
marked degrees of exophthalmos. 

Among the 43 patients 25, or 58.1 per cent, 
were freed of clinical symptoms in an average 
time of 8.7 months, while 8, or 18.6 per cent, 
were markedly improved. In both these groups 
the thyroid decreased to normal size and basal 
metabolism fell to normal. Three patients were 
not followed up. Two patients with congestive 
heart failure died before treatment could be 
completed. Four were operated on because of 
failure of roentgen treatment or for other rea- 
sons. One patient was given a single course of 
treatments as preparation for subtotal thyroid- 
ectomy. 

The most serious complication was tracheitis 
and esophagitis, which occurred in 15 cases. 
This, however, was probably due to the fact 
that treatment was at first given from two an- 
terior fields, resulting in cross fire on these or- 
gans. Since this method has been changed and 
irradiation is given from only one anterior field 
these complications have not occurred.—dAu- 
drey G. Morgan. 


Hunter, A. F. Roentgen therapy of hyper- 
trophic scars and keloids. Radiology, Oct., 
1942, 379, 400 409. 

Keloids are benign overgrowths of connective 
tissue caused by traumatic, infectious, chemical 
or physical agents. It is not always easy to dif- 
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ferentiate between keloid and hypertrophic scar 
but keloids progress with time while hyper- 
trophic scars tend to regress. 

The author discusses 931 patients with ke- 
loids or hypertrophic scars treated in the De- 
partment of Radiology of the Presbyterian 
Hospital, New York, from 1922 through 1941. 
Follow-up data were lacking in 258 of these, 
leaving 673 to be considered. Of these 588 were 
treated by roentgen therapy alone and 85 by 
roentgen therapy and surgery. Tables are given 
showing the details of the results and photo- 
graphs of a number of cases given before and 
after treatment. In the great majority of cases 
given roentgen treatment, 491 out of 588, the 
scars became softer, flatter and less conspicuous 
without other treatment. As a rule, fresh scars 
respond to irradiation better than old ones. Pre- 
operative irradiation may enable the surgeon 
to operate in otherwise inoperable cases. It is 
still an open question as to whether preopera- 
tive and postoperative treatment is better than 
postoperative treatment alone. 

It is hoped that further study will show a bas- 
ic biologic difference in the radiosensitivity of 
keloid and hypertrophic scar tissue. The irra- 
diation of cultures of the two types of tissue may 
prove helpful in this study.—dudrey G. Morgan. 


Sims, J. L., and Carns, M. L. Post-radia- 
tion panmyelophthisis clinically simulating 
agranulocytosis. Int. Med., 1942, 
17, 1021-1028. 


A case is described in a woman of forty-three 
admitted to the Wisconsin General Hospital 
September 7, 1939, complaining of a mass in the 
abdomen. Blood count was 4,740,000 red cells 
and 9,400 white cells with 91 per cent neutro- 
phils, 7 per cent lymphocytes and 2 per cent 
monocytes. Roentgen examination showed 
pleural effusion and enlargement of the medi- 
astinal lymph nodes and partial atelectasis of the 
left lower lobe. A biopsied lymph node showed 
lymphosarcoma. Photomicrographs of lymph 
nodes and vertebral marrow are given. 

From September 15 to 29 irradiation was 
given, not more than one area being treated 
each day. One-fourth of the body surface was 
exposed at a time, a dose of 50 r being given 
twice to each area in turn and then 200 r given 
to each of three abdominal preaortic areas and 
to the splenic region. On September 27 the 
white blood cell count was still 6,900 but on 
September 2g it fell suddenly and continued to 
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fall. The patient died October 8, twenty-three 
days after the beginning of radiation therapy. 
The leukocyte count October 7 was 75. The last 
red cell count October 4 showed 4,735,000 red 
cells and on October 7 the red cells still ap- 
peared normal in smears, but there was some 
decrease in the number of platelets. 

Autopsy showed such extensive and severe 
damage of bone marrow as to amount to almost 
complete aplasia of all the hematopoietic tissue. 

It is probable that in this case the relatively 
longer life span of the red cells and their greater 
resistance masked the damage to the tissue that 
produced them and that this was really a case of 
panmyelophthisis rather than one of agranulo- 
cytosis. 

A study of the literature does not show any 
cases of true agranulocytosis caused by irradia- 
tion. The cases of apparent severe damage to 
white cells alone seem to be manifestations of 
generalized damage to the marrow. A given 
amount of radiation apparently affects all cell 
types and the peripheral picture depends on the 
longer life span of the circulating red cells and 
the lesser degree of radiosensitiveness of the 
erythropoietic elements.— Audrey G. Morgan. 


Newel, R. R., Fatconer, Ernest H., HI, 
H. P., Lawrence, Joun H., Woop, Davin A. 
and Wyckorr, Harry. Panel discussion on 
the leukemias and lymphoblastomas. Radiol- 
ogy, Sept., 1942, 79, 298-305. 

This article reports a panel discussion of the 
leukemias and lymphoblastomas, diseases af- 
fecting the blood-forming organs and _ the 
lymphatic system. It was generally agreed that 
the etiology of these diseases is unknown and 
classification is therefore difficult. A considera- 
ble part of the discussion was devoted to treat- 
ment and here, too, there was agreement that 
it is hopeless, so far as real cure is concerned. 
It is symptomatic and judgment as to the ef- 
fects must be based on the patient’s condition 
rather than on the decline in the white cell 
count. Spontaneous remissions occur in a cer- 
tain percentage of cases so it is difficult to judge 
the effects. The possible treatments are medi- 
cal, with arsenic, and irradiation. Dr. Falconer 
is an ardent advocate of arsenic treatment with 
large doses and the details of his technique are 
described. There was a discussion of the real 
nature of the action of arsenic and irradiation 
and whether the leukemias are really neoplastic 
diseases. 
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Dr. Lawrence advocated the use of small 
doses of radiophosphorus in leukemia, a cose 
equivalent to 4 to 8 roentgens whole body ir- 
radiation per day for four to eight weeks. He 
does not use local irradiation at all. Radio- 
phosphorus may be used even if there is anemia, 
but the dose must be smaller. Radiophosphorus 
is dangerous unless carefully controlled. 

It was agreed that Hodgkin’s disease is prob- 
ably a generalized disease even from the first. 
Dr. Newell advocated the use of small doses of 
irradiation, beginning with doses of 50 roent- 
gens rather than 250. Dr. Falconer believed that 
the smaller the dose that could be used to re- 
lieve the patient’s symptoms, the better. The 
severity of the disease does not run parallel 
with the size of the tumors. A combination of 
arsenic and roentgen treatment in the leukemias 
seems to give better results than either alone.— 
Audrey G. Morgan. 


Kerr, H. Dasney. Irradiation treatment of 
cavernous hemangioma with special reference 
to so-called contact roentgen irradiation. 
Radiology, Oct., 1942, 379, 383-388. 


Some authors hold that cavernous hemangi- 
omas are self-limited and may even regress 
spontaneously, but the author has seen enough 
rapidly spreading lesions in infants to make 
him believe that they should be treated as soon 
as detected. Small superficial lesions up to 7 to 8 
mm. in diameter may be treated with carbon 
dioxide snow but larger ones should be treated 
by irradiation. 

He gives tables showing the results in two 
series of cases. The first series consisted of 96 
cases treated with radium plaques, § to 7 mg-hr. 
per sq. cm. being given the lesion at a distance 
of 2 mm. The results were good in 63.5 per cent 
of the cases, fair in 15.6 per cent, poor in 11.6 
per cent, and 10.3 per cent were inadequately 
treated or followed up. The other series con- 
sisted of 49 cases treated with roentgen rays at 
a short distance by means of the Chaoul con- 
tact unit. With an intensity of about 120 roent- 
gens per minute at § cm. distance or 340 r per 
minute at 3 cm. distance, 300 to 500 r was given 
to the lesion. In this series the results were good 
in 69.3 per cent, fair in 14.2 per cent, poor in 6.1 
per cent, and 10.2 per cent were inadequately 
treated or followed up. 

The slightly better results obtained with 
roentgen irradiation are probably not of great 
significance but the author emphasizes the fact 
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that in his hands short distance roentgen ir- 
radiation has given at least as good results as 
treatment with radium plaques.—Audrey G., 
Morgan. 


Ornvorr, Benjamin H. Roentgen therapy in 
the management of some non-malignant dis- 
eases affecting the organs of the female pel- 
vis. Radiology, August, 1942, 79, 127-134. 


Hyperplasia and tumors of the endometrium 
and myofibromata seem to be a rather closely 
related group of diseases of the tissues of the 
female pelvis apparently brought about by a 
common factor, estrin. The author’s theory is 
that a predominance of the action of estrin and 
a lack of that or progesterone is brought about 
by the long intervals between pregnancy in 
modern life. 

Roentgen examination is of the greatest value 
in both the diagnosis and treatment of these 
conditions. It is believed that an irradiation 
menopause interferes less with later sexual life 
than a surgical menopause. If a temporary in- 
terruption of menstruation is desired, radium 
should be used because of its more intense ac- 
tion on the uterine mucosa and its lesser action 
on the ovary. If permanent castration is neces- 
sary roentgen rays are to be preferred because 
of their greater action on the ovary. It is gener- 
ally agreed that about 300 r delivered into the 
pelvis is required to bring about cessation of 
menstruation at the beginning of the fourth 
decade of life. If radium is used about 500 mg-hr. 
should be applied to the endometrium with the 
usual filter and plain applicator. Of course the 
details of technique must be considered in each 
individual case. There has been a gradual change 
from surgery to irradiation in the treatment of 
these non-malignant conditions. 

In the discussion several physicians disagreed 
with Dr. Orndoff’s theory that a practically 
continuous state of pregnancy from maturity to 
the menopause would benefit the health of 
women.— Audrey G. Morgan. 


Kaptan, Ira I. Radiation in cancer of the cor- 
pus uteri. Radiology, 1942, 39, 135-143. 


Wertheim’s operation has practically been 
given up in favor of irradiation in the treatment 
of cancer of the cervix but until recently surgery 
has been thought to be indicated in cancer of 
the body of the uterus. The author reports a 
series of 101 cases treated at Bellevue Hospital, 
New York, which seem to indicate that this is 
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no longer the case. The policy at Bellevue Hos- 
pital has been to irradiate operable carcinomas 
of the body of the uterus followed by hysterec- 
tomy six to eight weeks later. In inoperable 
cases irradiation alone is used. The best method 
of irradiation is by the intrauterine application 
of radium, and part of the success in recent cases 
has been due to the use of better applicators. 
He describes and illustrates a ring applicator by 
means of which the radium can be applied at 
the desired points as shown on a roentgenogram. 

Of the 101 cases § proved to be non-malignant 
and 1 was not definitely proved to be malig- 
nant. Among the 9§ patients with definitely 
malignant lesions 34 are known to be dead. 
Among the 35 patients known to be living 7 
have lived one year, 4 two years, 7 three years, 
5 four years, I six years, 2 seven years and I 
each eight, nine, ten, eleven, thirteen and four- 
teen years. The 3 cases treated with the radium 
ring are too recent for a report of results. One 
was treated by roentgen irradiation in 1928 for 
benign bleeding confirmed by biopsy and later 
returned with recurrent bleeding from a carci- 
noma also confimed by biopsy.—Audrey G. 
Morgan. 


Reinnarp, M. C., Gorrz, H. L., and Scurer- 
ner, B. F. A study of radiological treatment 
of cancer of the cervix. Radiology, August, 
1942, 39, 144-150. 
This article presents a study of 557 cases of 

cancer of the cervix treated in the New York 

State Institute for the Study of Malignant Dis- 

eases from 1931 to 1935 inclusive. It represents 

all the cases of Stages 1, 11 and 111 according to 
the League of Nations Classification. The Stage 

IV cases were not included. Graphs are given 

showing the details of the results. The age graph 

shows a definite peak at 47.5 years. 

Among the 557 cases, 457 were classified into 
two groups depending on whether they were 
given only primary irradiation or whether in 
addition to this they were given further irradia- 


tion. About half required additional treatment. 


The survival rate in this group is less than in the 
group that required only primary irradiation. 
This might be due to the nature of the disease 
itself, extension of the disease to regions where 
adequate dosage was not given, normal differ- 
ences in individuals or the age of the patient. 
Survival was better in the older age groups. Iso- 
dose and dosage distribution curves are given. 
Survival is progressively poorer with increased 
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extent of the disease. Cases with only primary 
irradiation varying from 4,000 to 8,000 r 
showed 75 per cent survival free of disease in 
Stages 1 and 11 and 55 percent in the Stage 11 
cases. It is probable that the poorer survival 
rate in Stage 111 cases is due to the fact that the 
disease has spread to regions that are not given 
adequate dosage and it therefore seems probable 
that dosage to the lateral parts of the pelvis 
should be increased. Among the patients in all 
three stages who were given additional irradia- 
tion the highest survival was in patients who 
were given less than 2,000 r in addition to the 
primary irradiation.— Audrey G. Morgan. 


Wattace, S. The intestine in radia- 
tion sickness. 7. 4m. M. Ass., Feb. 15, 1941, 
716, 583-586. 


In view of the fact that the colon has fre- 
quently been studied with the intention of find- 
ing the cause of the diarrhea seen in radiation 
sickness and the findings have been inconclu- 
sive, and as diarrhea has been shown to be fre- 
quently due to disease of the small intestine, 
the author studied 10 patients with carcinoma 
of the cervix. The small intestine was examined 
before and after a protracted series of high volt- 
age roentgen treatments. In most cases the rays 
were generated at 400 kv., using 4 mm. copper 
filter with a half-value layer of 5 mm. of copper. 
Three of the patients were each given about 
§,000 roentgens intravaginally, using 200 kv. 
and filter of 1 mm. of copper, while all received 
between 1,700 and 2,200 r from each of six 10 by 
15 cm. fields, around the pelvis. Before treat- 
ment, the small intestine in each case presented 
essentially the normal appearance previously 
described by various workers. 

At the end of the protracted series of therapy 
in no case was there any demonstrable change 
in the duodenum or jejunum, both of which lay 
almost entirely outside the irradiated areas. 
The two most common changes were seg- 
mentation of the barium stream and flattening 
of the pattern of the ileal mucosa. Segmentation 
was observed in all but 1 case and changes in 
pattern, varying from a slight to a marked de- 
gree, were found in 8 of the 10 cases. A decrease 
in motility was shown in 7 instances, and an ab- 
solute diminution in the diameter of she ileal 
lumen due to spastic contraction was shown in 
an equal number. There was no apparent quan- 
titative variation in effect obtained by slightly 
more than 20 per cent variation in dosage, by 
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the use of 200 kv. and 1 mm. of copper as com- 
pared to 400 kv. and 4 mm. of copper, or by the 
supplementary use of a heavy dose of intra- 
vaginal irradiation at 200 kv. and 1 mm. of cop- 
per. Early in his investigation the author con- 
ceived the opinion that the syndrome of radia- 
tion sickness might be due to a failure of the 
impaired mucosa to absorb food materials, with 
the production of an actual deficiency state, but 
this does not seem to be true when therapeutic 
doses of radiation are used. It appears likely 
that the diarrhea from deep pelvic irradiation is 
due to changes in the large rather than in the 
small intestine, as all demonstrable changes in 
the latter would tend to produce an opposite 
effect.—S. G. Henderson. 


Atyea, Epwin P., and Henperson, A. F. Car- 
cinoma of the prostate. 7. 4m. M. Ass., Dec. 
5, 1942, 720, 1099-1102. 


Within the last two years a new approach to 
therapy for carcinoma of the prostate has been 
offered. The authors present a brief report of 
the immediate results of castration in 40 cases 
of carcinoma of the prostate. What the later 
results will be they do not attempt to prophesy. 
The immediate result with all these patients 
was almost miraculous. Their general well being 
and energy at once improved, their appetites 
picked up and they gained weight. One of the 
striking reatures of their improvement was the 
rapid relief of metastatic pain, usually within 
twenty-four to forty-eight hours after castra- 
tion. 

Castration was performed on 14 patients who 
showed no evidence of metastasis. It was hoped 
by this, in addition to causing regression of the 
primary growth, to retard or prevent the spread 
of the tumor. Seven of these have had roentgen 
examination recently and as yet none show me- 
tastases. 

The increase of serum acid phosphtase in car- 
cinoma of the prostate is most interesting. Acid 
phosphatase is found in largest amounts in the 
adult prostatic epithelium and carcinoma of the 
prostate, which is a tumor composed of this cell. 
When metastasis takes place, the tumor cells 
are expressed into the blood stream and lym- 
phatics and cause a rise in the serum acid phos- 
phatase. Therefore this is an indication of tu- 
mor or adult prostatic epithelium activity. This 
series shows that of 17 patients with metastasis 
10 had normal serum acid phosphatase and 7, 
elevated. 
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Clinical evidence of regression of the tumor is 
indicated in the patients’ relief of obstruction. 
Rectal examination in every 1 of the 30 patients 
who returned for examination showed consid- 
erable reduction in size and softening of the 
gland. Further direct evidence of improvement 
is shown in the clearing of the urinary infection 
which most of these patients have before and 
after transurethral resection. 

The usual evidence of metastasis of carci- 
noma of the prostate is seen in the bones of the 
lumbar spine and pelvis. Following castration 
there is a striking change in the picture. There 
is a distinct smoothing and sclerosing of bone 
detail approaching more normal type bone. The 
reaction is similar to that seen in post-irradia- 
tion healing. The authors also found regression 
of pulmonary metastatic lesions in 4 patients 
following orchiectomy. In 2 patients the met- 
astatic nodules disappeared completely.— 
S. G. Henderson. 


Creevy, C. D. The diagnosis and treatment of 
early carcinoma of the prostate. 7. 4m. M. 
Ass., Dec. §, 1942, 720, 1102-1105. 


The incidence of carcinoma of the prostate is 
increasing and its prognosis is bad. This rise 
seems to be due, not to a heightened individual 
susceptibility to cancer, but to a striking in- 
crease in longevity. Despite this increase, early 
prostatic carcinoma continues to be a clinical 
rarity. 

Prostatic carcinoma causes no symptoms un- 
til it interferes with urination or produces pain 
by local extension or metastasis. Three-fourths 
of the cases arise in the posterior lamella at a 
relatively great distance from the urethra; 
hence obstruction develops late. The average 
prostatic carcinoma grows slowly. About 8 per 
cent of prostatic cancers develop within spher- 
oids of benign hypertrophy which hide them 
from the examining finger. Most elderly men 
regard a certain amount of urinary difficulty as 
an inevitable accompaniment of advancing 
years. Many physicians are not thoroughly 
aware of the serious significance of isolated hard 
nodules in the prostate. The earliest carcinoma 
of the prostate which is recognizable clinically 
appears as a small stony hard, irregular, poorly 
circumscribed nodule. Not all hard nodules in 
the prostate are cancerous, and careful study 
may be required to determine their nature. If 
the nodule persists, biopsy is indicated, and it 
is here that aspiration biopsy should be of great 
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value. In the author’s experience, biopsy can be 
done satisfactorily in early cases only through 
a perineal exposure under direct vision. 

Reactions to radiation therapy are often se- 
vere and authenticated cures few and far be- 
tween. Castration as developed by Huggins is, 
and will continue to be, very difficult to justify 
to the patient without symptoms, and it seems 
to have no place at present in the treatment of 
early cases without pain although often bril- 
liantly successful in late cases as a palliative 
measure. The use of estrogens in the early cases 
appears to hold great promise, and it demands 
long and painstaking study. Like castration, it 
has produced striking results in late cases. 
Transurethral resection, despite its immense 
value as a palliative measure, cannot be men- 
tioned as offering any hope of cure. The only 
method which can be said at present to offer a 
definite prospect of cure is radical perineal pros- 
tatectomy, so long advocated by Young. The 
mortality is as high as 10 per cent. There is a 
very definite risk of incontinence, permanent 
incontinence having resulted in 2 of 10 cases at 
the University Hospital. The chief obstacle to 
the satisfactory use of radical perineal prosta- 
tectomy is its low rate of applicability, which 
can be overcome only by a campaign of educa- 
tion designed to lead to early detection of pro- 
static carcinoma. The writer believes this opera- 
tion is worthy of a widespread trial, especially 
since it carries a better chance of cure than any 
other method.—S. G. Henderson. 


THompson, GersHom J. Transurethral resec- 
tion of malignant lesions of the prostate gland. 
}. Am. M. Ass., Dec. §, 1942, 720, 1105-1109. 


Because of the nature of malignant disease of 
the prostate gland, the patient generally is free 
of symptoms until the lesion is rather well ad- 
vanced. Most surgeons who have advocated 
radical perineal prostatectomy have freely ad- 
mitted that the procedure can be utilized in 
only 5 per cent of cases or less. Baron and An- 
grist studied the incidence of occult adenocarci- 
noma of the prostate gland among men beyond 
the age of fifty. They found that carcinoma of 
the prostate gland cannot be detected early 
enough by any clinical method of examination 
now known to make it possible to effect cure by 
radical surgical extirpation. 

During the past ten years at the Mayo Clinic 
the author has not employed radical perineal 
prostatectomy. The evidence at hand clearly 
indicates that when carcinoma of the prostate 
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gland has developed sufficiently to cause uri- 
nary obstruction the disease has spread through 
the perineural lymphatic vessels and cannot be 
completely eradicated by any surgical proce- 
dure. It is Thompson’s present attitude that 
transurethral resection which adequately re- 
moves all the obstructing tissue, combined with 
bilateral orchiectomy (or, if the patient refuses 
this, irradiation or the administration of 
diethylstilbestrol), offers the patient a far better 
prognosis than does any radical procedure. This 
scheme of treatment is accompanied by much 
less risk to life than is the radical operation and 
offers almost certain assurance that control of 
micturition will be perfect. 

In defense of this attitude the author presents 
a statistical study of a group of 887 cases of 
malignant neoplasms of the prostate gland in 
which transurethral resection was performed 
during the interval 1924 to 1941 inclusive. This 
group of 887 is composed only of patients who 
had definite symptoms or urinary obstruction. 
Transurethral resection was performed with 
either the Braasch-Bumpus, Stern-McCarthy 
or Thompson resectoscope. The removal of all 
obstructing tissue was the aim of the surgeon 
in each case. Ease and comfort in voiding, with 
excellent immediate control, is the rule. Only 
exceptionally is there any urgency, and very 
rarely does permanent incontinence result. 

In practically all cases (858 of the 887, or 97 
per cent) the neoplasm was adenocarcinoma. In 
22 cases, or 2.5 per cent, the lesion was squa- 
mous cell epithelioma and in 7 it was mixed and 
squamous cell carcinoma. In approximately 56 
per cent of the cases the lesions were of Grades 3 
and 4. 

Of the 877 patients who survived operation, 
206, or 23.5 per cent, were irradiated. With the 
exception of a few instances in which radon 
seeds were implanted into the prostatic capsule 
through the perineum, treatment was by roent- 
gen rays. Of 69 patients who received treatment 
prior to 1937, 10, or 14.5 per cent, have lived 
five or more years. Thompson analyzed a group 
of 337 patients who were operated on prior to 
1937. Three of these patients died in the hospi- 
tal. Of the 334 patients, 326 were traced and a 
total of 46 patients, or 14.1 per cent, were found 
to have lived five years or more after leaving the 
hospital. No patient who had a tumor of Grade 
4 survived operation for as long as five years. 
No claim to cure is made in any case, and all the 
operations were done purely as palliative pro- 
cedures.—S. G. Henderson. 


» 

wy 

A 
= 

ied 


Abstracts of Roentgen and Radium Literature 


Nessir, Reep M., and Cumminas, Roperr H. 
Prostatic carcinoma treated by orchiectomy. 
J. Am. M. Ass., Dec. §, 1942, 720, 1109-1111. 


The authors present data on 75 cases of pro- 
static carcinoma treated by orchiectomy at the 
University Hospital and observed for periods of 
at least six months following that procedure. 
Eleven cases of 28 so examined (39 per cent) 
showed elevated serum acid phosphatase levels 
of 6 King-Armstrong units or higher. In 42 of 
the cases pain of metastatic origin was com- 
plained of on admission. Five obtained no relief 
whatever following operation, while 27 obtained 
complete relief of pain and 1o obtained partial 
relief. Eighteen patients complained of sig- 
nificant weight loss on admission to the hos- 
pital. Thirteen of these regained their weight 
losses. Thirty-eight additional patients have 
had appreciable gain in weight since orchi- 
ectomy. Nine patients at the time of orchiec- 
tomy complained of significant difficulty with 
urination. All these patients have experienced 
more normal urination since orchiectomy. 
Forty-one of the 75 cases have been examined 
rectally at least six months after operation. 
Twenty-seven cases showed definite regression 
in the size of the prostate gland although still 
recognizable as carcinoma to palpation. Eight 
cases have shown a regression in size so that the 
prostate is now atrophic, firm and smooth with 
no obvious infiltration. The prostates in 6 cases 
have changed from a condition which was ob- 
viously malignant before operation to a con- 
sistency now unrecognizable as neoplastic by 
rectal examination. Positive roentgen evidence 
of skeletal metastases was found in 31 cases. In 
12 of these a roentgen examination was made at 
least six months following orchiectomy. Four 
show definite regression of metastases, while 8 
show an increase in the osseous changes. 

In summarizing, the authors state that in 48 
cases pronounced clinical improvement has oc- 
curred. These patients have all shown regression 
of the primary neoplasm, have all gained 
weight and all who had pain prior to orchiec- 
tomy are now free from it and all are voiding 
satisfactorily. Seven additional patients have 
had complete relief of symptoms but there are 
no objective evidences of improvement either 
in the primary neoplasms or in the roentgeno- 
grams. There have been 20 failures. Four pa- 
tients have died of carcinoma and 1 from con- 
gestive failure and infection. Fifteen living pa- 
tients are considered to be failures, 5 have 
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shown no favorable response at any time follow- 
ing operation, while 10 are considered delayed 
failures, having enjoyed freedom from all sub- 
jective evidences of their disease for periods of 
three to twenty-two months before symptoms 
recurred after gonadectomy. Regardless of the 
possibility of failure in some cases it is evident 
that gonadectomy is a worthwhile procedure in 
advanced prostatic malignancy and should be 
recommended when the diagnosis is established. 
— 8S. G. Henderson. 


GutTMan, ALEXANDER B. Serum “acid” phos- 
phatase in patients with carcinoma of the 
prostate gland. 7. dm. M. Ass., Dec. 5, 1942, 
720, 1112-1116. 


While investigating the source of “acid” 
phosphatase in urine, Kutscher and Wolbergs 
in 1935 discovered that normal human prostate 
tissue is extremely rich in an “acid” phos- 
phatase. The enzyme does not appear in appre- 
ciable amount in human or monkey prostate 
tissue until puberty. Prostatic ‘“‘acid” phos- 
phatase is believed to have some distinct 
physiologic function, but the precise nature 
of this function is not known. 

Apart from occasional highly undifferentiated 
prostatic tumors which do not elaborate the 
enzyme, carcinomatous prostate tissue contains 
large amounts of “acid” phosphatase. This 
holds not only for tumor tissue at the primary 
site but also for distant metastases. When car- 
cinomatous prostate tissue metastasizes, inva- 
sion of lymph or blood channels is accompanied 
by escape of the prostatic secretion into the 
circulation. Because of its high “acid” phos- 
phatase content, the prostatic secretion present 
in blood can readily be detected by means of 
appropriate chemical methods for estimating 
the ‘‘acid” phosphatase activity of blood serum, 
which is increased by influx of the prostatic 
enzyme. The high ° ‘acid” phosphatase content 
of most prostatic carcinomas indicates that 
these tumors are not composed of functionally 
embryonal cells (since immature prostatic tis- 
sue is virtually devoid of the enzyme) but rep- 
resent a type of malignancy made up of 
physiologically mature epithelial tissue. 

Normal human serum contains very small 
amounts of “acid” phosphatase, less than 2.5 
units activity per 100 cc. of serum as deter- 
mined by an adaptation of the King and Arm- 
strong method for “alkaline” phosphatase. 
This normally occurring enzyme is not of pro- 
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static origin. Elevated values, for the most part 
higher than encountered in any other disease, 
were obtained in about 85 per cent of a total of 
77 cases of proved or suspected metastatic 
prostate carcinoma. About go per cent of pa- 
tients with prostate carcinoma but without 
roentgenographic evidence of bone involvement 
gave values consistently less than 3 units, as did 
all normal subjects, all patients with prostatic 
disease other than carcinoma and more than go 
per cent of a total of 853 cases of nonprostatic 
disease. There is no general agreement at pres- 
ent as to the critical ‘‘acid” phosphatase level 
of the serum which may be accepted as diagnos- 
tic of prostate carcinoma with metastases. 
However, follow-up studies of any one patient 
with prostate carcinoma indicate that the de- 
velopment of metastases is accompanied by a 
rise in serum “‘acid” phosphatase above normal 
levels and that subsequent spread of secondary 
involvement is accompanied by further in- 
creases in serum “‘acid”’ phosphatase activity. 

The increase in serum “alkaline” phosphatase 
is of osseous origin and reflects the extent and 
vigor of the osteoplastic reaction of bone at the 
site of skeletal metastases; but this rise is 
unspecific, being common to conditions char- 
acterized by widespread, accelerated osteo- 
blastic activity or by obstruction of the biliary 
tract. The increase in serum “acid” phospha- 
tase, on the other hand, is a more specific and 
constant manifestation of metastasizing pros- 
tate carcinoma. 

Clinical Applications of the Serum “ Acid” 
Phosphatase Determination. The method is in- 
capable of detecting prostate carcinoma which 
has not yet metastasized. The determination is 
often particularly helpful when interpretation 
of roentgenograms as regards the presence of 
metastases is inconclusive. Differentiation of 
Paget’s disease from osteoplastic metastases 
secondary to prostate carcinoma is facilitated 
by the test. A definitely and consistently in- 
creased serum “‘acid”’ phosphatase level has 
been found to be a generally reliable contraindi- 
cation to radical prostatectomy. With the intro- 
duction of treatment by androgen control, the 
determination of serum “acid” phosphatase has 
become an almost indispensable guide to the 
selection of patients for castration, the regula- 
tion of estrogen therapy and the critical evalua- 
tion of results with these several forms of 
treatment. Various observers have noted an 
early precipitous fall in serum “acid” phos- 
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phatase, often seen after the first twenty-four 
hours following treatment by castration. As 
regards the effect of estrogens on the serum 
phosphatases in patients with metastatic pros- 
tate carcinoma, only meager data are avail- 
able. These make it clear, however, that estro- 
gens in appropriate dosage generally cause a fall 
in serum “‘acid” phosphatase and a delayed rise 
in serum “alkaline” phosphatase.—S. G. Hen- 
derson. 


MISCELLANEOUS 


Miter, Eart R. A simple foreign body locali- 
zation device applicable to standard fluoro- 
scopes. Radiology, Oct., 1942, 39, 464-466. 


When the author tried to use the methods 
of foreign body localization, previously de- 
scribed, on his G. FE. fluoroscopic table he found 
he could not use them without changing the 
design of the fluoroscope, changing the amount 
of shutter opening or getting special apparatus. 
Therefore he worked out a simple parallelo- 
gram system of foreign body localization which 
is described in detail and illustrated. It is a sin- 
gle tube shift method which can be used with 
any ordinary fluoroscope. The depth of the for- 
eign body is given directly on a 4 to 1 scale. In 
using it with various test objects he has found 
that its accuracy is well within 5 per cent.— 
Audrey G. Morgan. 


WarreN, SHIELDS. Blood findings in cyclotron 
workers. Radiology, 1942, 39, 194-199. 


Monthly blood counts were made on 34 
workers of the cyclotron group of Harvard 
University and 51 of the Massachusetts In- 
stitute of Technology group. Forty-two were 
followed for over a year with the object of find- 
ing whether they were injured by the radiation. 
The results were for the most part negative. As 
with roentgen or radium radiation there is at 
first a transitory decrease in the white cell 
count followed by a rise. The fall is more 
marked in the lymphocytes than in the poly- 
morphonuclear leukocytes. There were 4 indi- 
viduals in whom there were quite marked varia- 
tions in the white cell count. Graphs showing 
the findings in these cases are given. When 
slight irradiation causes marked variations in 
the white cell count it indicates that the subject 
has an unstable bone marrow and such persons 
should not be allowed to work with the cyclo- 
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Red cell counts above five million and hemo- 
globin levels above 100 per cent were found in 
several cases. None of the group showed a per- 
sistent anemia and nucleated red cells were not 
found in any of them. Apparently adequate 
precautions are taken for the safety of these 
cyclotron workers.— Audrey G. Morgan. 


Hopces, Frep J. The cyclotron as a medical 
instrument. Radiology, 1942, 39, 440-453. 


This was a lecture delivered before the Kala- 
mazoo Academy of Medicine in honor of Augus- 
tus Warren Crane. It reviews the work done by 
physicists in developing the cyclotron for “‘atom- 
smashing” or the breaking down of atomic nu- 
clei. The largest of these cyclotrons is located 
at the Crocker Radiation Laboratory at the 
University of California, Berkeley. By means of 
this instrument intense beams of high energy 
particles can be produced and manipulated eas- 
ily and accurately. Natural radioactivity exists 
only in actinium, thorium and uranium. But by 
means of this method radioactive isotopes of all 
known elements can be produced. 

These discoveries may be utilized in three 
ways in medicine: (1) experimentation with 
radioactive tracer substances in biology and 
medicine; (2) experimental use of artificially 
produced radioactive isotopes given internally 
for therapeutic purposes, and (3) the substitu- 
tion of fast neutrons for roentgen rays and ra- 
dium rays in external radiation treatment. The 
accomplishments in these fields so far are dis- 
cussed. Intracellular radiation with radioactive 
isotopes seems to promise the production of 
selective ionization in the very tissues where 
ionization effects are desired. This has been 
tested in the treatment of leukemia with radio- 
active phosphorus with good results. The use of 
neutrons as a substitute for roentgen or radium 
therapy is still in the experimental stage but the 
results of the experiments are of intense interest 
to physicians and radiologists.—Audrey G. 
Morgan. 


AEBERSOLD, Paut C. The cyclotron; a nuclear 
transformer. Radiology, 1942, 39, 513-540. 


The cyclotron is generally called an atom 
smasher, but it is really a nuclear transformer, 
as its work is to transform the nuclei of the 
atoms, which are ten thousand times smaller 
than the atoms themselves, changing them into 
new forms. A technical review of the work of 
nuclear transformation is given, beginning with 
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the work of Rutherford in 1g1g who bombarded 
nitrogen with natural alpha particles and trans- 
formed the nitrogen nuclei into oxygen nuclei, 
and continuing up to the work of E. O, 
Lawrence who conceived the idea of speeding 
particles up to very high energies for the bom- 
bardment of the nucleus by giving them succes- 
sive accelerations, so that much lower voltages 
could be used instead of the much higher ones 
required to give the total acceleration at one 
push. 

The different types of cyclotron from the 
first to the present one are illustrated and a 
photograph given of the giant cyclotron labora- 
tory on a hilltop above the campus of the Uni- 
versity of California. The building resembles an 
observatory which is used to look out at ob- 
jects millions of times larger than man, while 
the cyclotron is used to investigate and work 
with infinitesimally small particles, millions of 
times smaller than he.— Audrey G. Morgan. 


Hamitron, JoserH G. The use’ of radioactive 
tracers in biology and medicine. Radiology, 
Nov., 1942, 39, 541-572. 


Until the discovery of artificial radioactivity, 
the only way of studying metabolism was by 
chemical methods which have serious limita- 
tions as large amounts of the substance to be 
studied must be administered which frequently 
disturbs normal metabolic processes so the pic- 
ture obtained may not be a true one. But now 
that radioactive isotopes of all the elements 
have been discovered, it is possible to ‘‘tag” the 
elements in the body with artificial radio-ele- 
ments and their course through the body can be 
studied accurately and in detail. 

There are three techniques for using radio- 
active isotopes of stable elements as tracers in 
the biological sciences: (1) the assimilation and 
elimination of the compound may be deter- 
mined quantitatively by direct measurement of 
the radioactivity of samples of tissue after their 
removal from the body; (2) the selective ac- 
cumulation of radioactive isotopes of several 
elements may be observed in the living animal 
by measurement of the radioactivity of the 
structures in situ, and (3) the distribution of the 
radioactive element may be studied by means 
of photographic films. The first is the common- 
est of these methods. The elements most inten- 
sively studied are phosphorus and radio-iodine. 
The former has proved valuable not only in 
biologic research but in the treatment of tumors 
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and the leukemias while the latter has proved 
valuable in the treatment of hyperthyroidism. 

The radioactive isotopes of only 21 elements 
have been studied and as each of the 92 ele- 
ments has one or more isotopes the biological 
and therapeutic possibilities of this method of 
research are practically unlimited. The biologi- 
cal tracer research in metabolism must precede 
the therapeutic application of the element. 
—Audrey G. Morgan. 


Low-Beer, B. V. A., Lawrence, Joun H., and 
Srone, Rosperr S. The therapeutic use of 
artificially produced radioactive substances; 
radiophosphorus, radiostrontium, radioiodine, 
with special reference to leukemia and allied 
diseases. Radiology, Nov., 1942, 39, 573-597. 


Artificially radioactivated elements may not 
only be used as tags to follow the course of their 
inactivated isotopes through the body but as 
they emit rays similar to those given off by ra- 
dium they may be used in treatment as substi- 
tutes for radium. The method of preparing and 
assaying radiophosphorus is described in de- 
tail. Naturally a millicurie of radiophosphorus 
is not comparable to a millicurie of radon in 
therapeutic effect. No means is known of ap- 
plying radiation selectively to certain tissues. 
or of delivering a uniform amount of radiation 
of each cubic centimeter of tissue in the body. 

Radioactive phosphorus has proved particu- 
larly effective in the treatment of chronic 
lymphatic and myelogenous leukemia, poly- 
cythemia vera and lymphosarcoma. Its value 
in the treatment of Hodgkin’s disease has not 
yet been demonstrated. Nor has its value in the 
treatment of multiple myeloma, metastatic 
carcinoma and some other conditions been defi- 
nitely established but as these diseases are 
inevitably fatal otherwise it is justifiable to ex- 
periment with its use. Illustrative cases of the 
diseases treated are described. 

Chromium phosphate may prove of value in 
the treatment of primary and metastatic tu- 
mors of the liver and spleen and of neoplastic 
diseases of the reticulo-endothelial system as it 


concentrates selectively in this system. Radio- ~ 


active strontium has a half-life of fifty-five days 
and emits rays of an energy similar to those of 
radiophosphorus. It concentrates selectively in 
the bones like calcium and may prove valuable 
in the treatment of primary and metastatic 
bone tumors. Radioactive iodine has proved 
valuable in the treatment of hyperthyroidism. 
~—Audrey G. Morgan. 
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Kenny, Joun M., and Craver, Lioyp F. Fur- 
ther experiences in the treatment of lym- 
phosarcoma with radioactive phosphorus. 
Radiology, Nov., 1942, 39, 598-607. 


The authors have used radiophosphorus in 
the treatment of 22 patients with a proved 
diagnosis of lymphosarcoma. The patients were 
not selected as it was thought best to treat all 
stages of the disease in order to determine the 
value of the treatment. The greater danger in 
the use of radiophosphorus is damage to the 
bone marrow and therefore frequent blood 
counts were made during the treatment. The 
blood count was frequently decreased but the 
decrease was seldom serious. 

Details of the results are given. Ten of the 
patients, or 46 per cent, are living; 12, or 54 per 
cent, are dead. Four of the patients had com- 
plete remission and have been free of disease 
for from three to twelve months. Two had 
recurrences which were controlled by further 
treatment; 3 had 75 per cent regression and 1 
had about 50 per cent regression. Six of the 
living patients had had roentgen treatment be- 
fore being given phosphorus; this had controlled 
the disease in 3 cases and partially controlled it 
in the other 3. Ten of the 12 patients who are 
dead were not helped at all by the phosphorus 
treatment. Eleven were later given roentgen 
treatment without any perceptible effect on 


‘the disease. Five had been treated with roent- 


gen radiation before treatment with phos- 
phorus, with partial control in 2 and no control 
in 3. Five of these cases were classified as leuko- 
sarcoma which is an acute form of lymphosar- 
coma. 

The remissions after phosphorus treatment 
seem to be longer than after roentgen treat- 
ment. 

For phosphorus to attain its maximum effec- 
tiveness the lesions must be reasonably radio- 
sensitive. Because it reaches all areas of the 
disease, phosphorus is not only a good method 
of primary therapy but a valuable adjunct to 
roentgen therapy in many cases. If it were 
given routinely to all patients who have re- 
sponded to roentgen irradiation with good 
regression of symptoms further inactivation 
might take place in those areas and hidden foci 
might also be inactivated. This should prolong 
the periods of remission and might in some 
cases prolong the periods of remission and 
might in some cases completely cure the disease. 
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It is believed that phosphorus should be used 
either primarily or secondarily in practically 
all cases of lymphosarcoma.— Audrey G. Mor- 
gan. 


Fitz-Hucu, Tuomas, Jr., and Hopes, 
Puitip J. Clinical experience with radio- 
phosphorus in the treatment of certain blood 
dyscrasias. 4m. F. M. Sc., Nov., 1942, 204, 
662-665. 


The authors have been supplied with enough 
radiophosphorus to treat 38 patients, 8 of them 
with polycythemia vera, 5 with chronic myelog- 
enous leukemia, 4 with chronic lymphatic 
leukemia, 4 with acute leukemia, 5 with Hodg- 
kin’s disease, 6 with lymphosarcoma, 1 with 
multiple myeloma, 1 with reticulo-endothelio- 
sis, I with reticulum cell sarcoma and 3 with 
metastatic carcinoma. 

Radiophosphorus has an atomic weight of 32 
and is therefore called P*®. It is produced by 
bombarding ordinary red phosphorus whose 
atomic weight is 31 with rapidly moving deu- 
terons in a cyclotron. It has all the properties of 
ordinary phosphorus with the addition of 
radioactivity. 

The material in solution may be given by 
mouth or injection. Oral doses vary from 1 to 
20 me. and intravenous doses from 0.2 to 2 mc. 
Total dosage varies with the hematologic and 
clinical condition of the patient and his re- 
sponse to treatment; also the frequency of 
dosage. Some patients are given a dose once a 
week, some 3 or more times a week. 

Radiophosphorus has proved at least equal 
in value to other methods of radiation therapy 
in some of the malignant blood dyscrasias. It 
has some advantages, such as ease of admin- 
istration, absence of marked radiation sickness, 
more concentrated effect on bone marrow and 
more prolonged remissions in chronic leukemia 
and polycythemia vera. The authors have not 
found it of any value in the acute leukemias. 
—Audrey G. Morgan. 


MarINELLI, Leonipas D. and Gotpscumipt, 
Bertranp. The concentration of P® in some 
superficial tissues of living patients. Radio/- 
ogy, Oct., 1942, 39, 454-463. 

This paper describes the technique used in 
determining the concentration of P® in normal 
and pathological skin and gives the preliminary 
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results found in 3 patients who were taking 
treatment with radioactive phosphorus. One of 
these patients had melanoma, the other two 
mycosis fungoides. The P® concentration was 
determined by means of a Geiger-Miiller 
counter. 

It was found that the activity was greater in 
skin overlying bone than in that overlying soft 
tissues. In all 3 pathological cases the rate of 
uptake and rate of elimination of the P® were 
radically different from those in normal skin, 
In the case of melanoma in the course of time it 
was found that the activity of the melanotic 
nodules increased in proportion to that of nor- 
mal skin. On comparing the P® turnover in 
Cases 2 and 3 of mycosis fungoides it was found 
that it was greater in Case 2 than in Case 3; the 
former case was the more malignant. This is in 
accordance with the rule that radioactive phos- 
phorus is metabolized in greater amounts by 
malignant that by normal tissue. This suggests 
the possibility of using the turnover of radio- 
active elements as a quantitative index of the | 
degree of malignancy of tumors. Needless to 
say, the possession of such an index of malig- 
nancy would be of great value in the study of 
tumors.—Audrey G. Morgan. 


Rasmussen, Ricuarp A., and Apams, W. E. 
Experimental production of emphysema. 
Arch. Int. Med., Sept., 1942, 70, 379-395. 


Experiments were made on dogs in an effort 
to determine the cause of emphysema. The 
dogs were subjected to intermittent overinfla- 
tion of the lungs simulating repeated attacks of 
asthma over long periods. Details of the experi- 
ments are given and photomicrographs of the 
histological findings. 

Biweekly pulmonary overinflation alone with 
a pressure of 35 mm. mercury over periods as 
long as eleven months failed to produce true 
emphysema in dogs. The pressures used were 
high enough to cause marked lowering of the 
systemic arterial pressure and a marked rise of 
the peripheral venous pressure, and in 2 cases 
pulmonary air embolism and hemorrhage into 
the lung parenchyma. 

Emphysematous changes were brought about 
in the lungs of one dog which showed evidence 
of an old pneumonia. This suggests that a com- 
bination of infection and overdistention may 
be the cause of emphysema.— Audrey G. Mor- 
gan. 
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